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Phytophthora vignae, causal agent of stem and root
rot of cowpea (Vigna unguiculata), was reported for the
first time in Sri Lanka.The pathogen was found in cowpea
field soils from 3 of 5 geographic regions sampled. Only
one site however, had plants exhibiting disease symptoms.
Of the eight cowpea varieties grown in Sri Lanka,
four were shown to be relatively resistant; all other
legumes inoculated were completely resistant.
Two morphologic and physiologic races of P. vignae
were identified among the 24 isolates recovered, based on
differential pathogenicity on cowpea varieties.
Bacteria isolated from field soils, and other known
bacterial biocontrol agents, inhibited P. vignae in
culture, but only three Sri Lankan isolates considerably
suppressed the disease in greenhouse tests.Volatile
substances produced by most bacteria inhibited mycelialgrowth and sporangial production by P. vignae. The
increased pH of the exposed medium suggested the
involvement of ammonia. Volatile inhibitors were produced
by these bacteria in soil, but only with added substrate;
Strain DF-3101 also reduced oospore germination in soil.
Cowpea plants inoculated with the VA mycorrhizal
(VAM) fungus Glomus intraradices in P. vignae-infested
soil were larger than non-mycorrhizal plants, but only at
low levels of the pathogen.VAM colonization was reduced
at high levels of the pathogen, and root infection by the
pathogen was reduced by VAM.
The fungicides metalaxyl, fosetyl-Al, Banrot, and
Manzate-200DF reduced in vitro mycelial growth, but at
different concentrations.Sporangia formation and
germination, and oogonia formation by P. vignae, was
reduced significantly by metalaxyl and fosetyl-Al.In
greenhouse tests, metalaxyl, even at low concentrations,
reduced disease; Fosetyl-Al was effective at high
concentrations; Manzate-200DF was effective as a soil
drench but not as a foliar spray; Banrot effectively
reduced disease at 50 mg a.i./L.Exposure of a bacterial
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affect its capacity to subsequently produce volatile
inhibitors, but exposure to 10 ug/ml of metalaxyl and 50
ug/m1 of Manzate-200DF reduced its capacity to
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INTRODUCTION
While trying to maintain or increase yield in
agricultural crops, one important aspect to consider is
the control of pests and pathogens which decrease crop
yield and quality. Knowing a pathogen's biology,
epidemiology and its interactions with other organisms
could be very useful in the control of many diseases and
improvement in crop production.
Cowpea, Vigna unguiculata (L.) Walp. [Syn. V.
sinensis (L.) Savi ex Hassak] is an annual food and forage
legume grown mainly in tropical developing countries
although it is an ancient African domesticate. Cowpeas are
generally grown in low altitude as dry land or rainfed
crops. Cowpea is an important food legume in Sri Lanka.
The genus Phytophthora is unique among phycomycete
fungi, with many of its species being serious pathogens of
a wide range of crops. It is also unique in having
cellulose rather than chitin as the main structural
component of the cell wall. The genus Phytophthora was
described by Anton de Bary (1876) when the species P.
infestans devastatedpotato crops of Ireland and brought
about the infamous famine of Ireland. Since then several
Phytophthora species have been identified as causal agents
of many crop diseases. All described species of2
Phytophthora are pathogens. In Sri Lanka, the U.S.A. and
many other countries, different Phytophthora species have
been reported to cause root and stem rot diseases to
agricultural and horticultural crops and forest trees.
Most of them are soilborne and cause root and stem rot
and/or blight conditions, pre and post emergence damping
off on economically valuable trees and crops (Mircetich
and Matheron, 1976, and 1983; Kuan and Erwin, 1980;
Papavizas et al., 1981; and Shew and Benson, 1982). Some
of the species have broad host ranges (i.e. Phytophthora
cactorum, P. cinnamomi )while some have a narrow or
specific host range (i.e. Phytophthora vignae). Several
soilborne Phytophthora species attack legumes, causing
severe damage to roots and stems and decreasing the yields
significantly (Kuan and Erwin, 1980; Erwin, 1965;
Hildbrand, 1959; Purss, 1957; and Schmittenner, 1985).
Pathogenic Phytophthora species that attack rootsare
subject to competition and antagonism by other rhizosphere
microbes. There are relatively fewcases however, of
biological control of plant diseases caused by
Phytophthora spp.
"Biocontrol is the reduction of inoculum densityor
disease producing activity of a pathogenor parasite in
its active or dormant state, by oneor more organisms
accomplished naturally or through manipulation of the
environment, host or antagonist or by mass introduction of3
one or more antagonists" (Cook and Baker, 1983). Many
soilborne fungi and bacteria are known to be antagonists
of one to several pathogens. These biocontrol agents (BCA)
could be present in the natural environment making the
soil suppressive to the pathogen (Linderman et al., 1983,
Broadbent and Baker, 1974a), or could be introduced into
the plant production systems as a mixture of known or
unknown antagonists inoculated into soil or applied asa
seed treatment.
A ubiquitous group of root inhabiting fungi are the
vesicular-arbuscular mycorrhiza (VAM) fungi that forma
symbiotic relationship with the roots of most agricultural
and horticultural plants. VAM are known to aid plant
growth by enhancing uptake of phosphorus and other
immobile mineral nutrients from soil. Their potential role
in the biocontrol of root infection by pathogenic fungi
has been recognised only recently (Dehne, 1982; Paulitz
and Linderman, 1990). VAM may utilize surplus
carbohydrates, thus reducing nutrients for the pathogens;
secrete antibiotics inhibitory to pathogens; or effect
changes in root exudates and microbial rhizosphere
population (Meyer and Linderman, 1986).
Fungicides are useful for the control ofmany
soilborne diseases, but development of fungicides for the
control of Phytophthora and Pythium diseases were
developed only in the late 1970's. Two systemic4
fungicides, metalaxyl and fosetyl-Al, are effective for
control of a number of Phytophthora diseases (Schwinn,
1983, Menge, 1986).
Phvtophthora vignae Purss, which causes a root and
stem rot on cowpeas, was first isolated and identified in
Queensland ,Australia (Purss, 1957). Its mycelium is
hyaline and non-septate.It has hyphal swellings but no
clamydospores, and is homothallic. Optimum growth
temperature is 28 C to 30 C, minimum 10-12 C, and maximum
35 C. Sporangia are variable in shape, mostly ovoid to ob-
pyriform, non-papillate or inconspicuously papillate, and
germinate by release of zoospore or directly bygerm tubes
through the exit pore plug.Phytophthora vignae belongs
to key group VI (Ribeiro 1978).
The root and stem rot pathogen of cowpea,
Phvtophthora vignae was first observed in Sri Lanka in the
greenhouses at Central Agricultural Research Institute,
but it had never been reported from farmer's fields in Sri
Lanka.
This discovery generated several hypotheses:
(1) the pathogen is present in cowpea field soil, but
biological or environmental conditions in soil keep the
pathogen population low,(2) the varieties of cowpea grown
in Sri Lanka are resistant to the pathogen,(3) disease
severity was low such that symptomsor signs were not
apparent to farmers or extension officers.5
Accordingly the objectives of this thesis
investigation were to study (1) the epidemiology ofP.
vignae in Sri Lanka, i.e. study the distribution of the
pathogen in cowpea-growing areas, the pathogen's survival
on alternate hosts, and its virulence to cowpea cultivars
and other legumes grown in Sri Lanka, and (2) disease
control using biological control agents (BCA) and chemical
fungicides.6
CHAPTER 1
PHYTOPHTHORA ROOT AND STEM ROT OF COWPEA IN SRI LANKA
W.G.D. FERNANDO
Department of Botany and Plant Pathology, Oregon State
University, Corvallis, OR 97331-2902, U.S.A.,
B. SIVAKADADCHAM
Division of Plant Pathology, Central Agricultural Research
Institute ,Gannoruwa, Peradeniya, Sri Lanka.
R. G. LINDERMAN
USDA-ARS Horticultural Crops Research Laboratory, 3420 NW
Orchard Ave. Corvallis, OR 97330, U.S.A.
SUMMARY
A Phytophthora sp. was isolated from stem and root lesions
of cowpeas (Vigna unguiculata) subsp. unquiculata (cv.
Blackeye) grown in a mixture of riverbank and forest soils
in containers under greenhouse conditions. The fungus was
identified as Phytophthora vignae Purss. on the basis of
morphological characters. The fungus was pathogenic on7
cowpea seedlings in experiments conducted to confirm
Koch's postulates and could be re-isolated from root
lesions. This is the first record of the occurrence of
this pathogen in Sri Lanka.
INTRODUCTION
Cowpeas (Vigna unguiculata subsp. unguiculata cv.
Blackeye), grown in greenhouses at C.A.R.I., Gannoruwa,
Sri Lanka, as test plants for virus inoculations,
exhibited a stem and root rot which caused severe damage
or killed plants, during each of two seasons in 1985 and
the first season in 1986. The first symptom of wilting
occured when leaves were still green and was associated
with shrinking of the basal stem at or near the soil
surface, and occasionally, a few centimeters above the
soil surface. The first or second internodal stemwas
generally affected. Stem lesions initially occurred onone
side of the stem and were pale or grey green, butwere not
water-soaked.Brownish streaks appeared subsequently on
the affected part of the stem. A stem girdling at this
region resulted in permanent wilting and death of the
plant (Figure 1A). The roots of plants showing stem rot
were poorly developed and necrotic.
Species of Phytophthora are known tocause stem and
root rot of leguminous crops.Most widely reported is the8
soybean stem and root rot caused by Phytophthora
megasperma f. sp. glycinea (Schmitthenner, 1985).A stem
and root rot of cowpea was first reported by Purss in
Queensland, Australia (Purss, 1953), who in 1957 showed
the causal agent to be a Phytophthora sp., which he named
P. vignae Purss (Purss, 1957).Nirwan and Upadhyaya
(1972) and Kitazawa et al.(1978) reported this pathogen on
cowpea and adzuki bean grown in Indian and Japanese soils,
respectively.Disease caused by P. vignae in these three
continents were distinct from a root rot of cowpeas caused
by Pythium mvriotylum (Croft, 1988).
The objectives of this study were to isolate and
identify the causal agent of the cowpea disease in Sri
Lanka.
MATERIALS AND METHODS
Isolation and Identification of the pathogen
Cowpea cv. Blackeye seed was planted in twenty 10-cm
dia pots containing a loam soil in which the cowpea
disease had first been observed.When (between wk 2 - wk
4)symptoms appeared, stem tissue (1-2 cm long) was cut
from the advancing edge of lesions, washed and surface
disinfested for 30 sec in 0.1% mercuric chloride followed
by three washings in sterile distilled water. The stem
pieces were cut into thin discs with a sterile scalpel in9
sterile distilled water.The discs were blotted dry on
sterile paper towels and transferred to plates containing
Potato Dextrose Agar (PDA), (DIFCO) or Corn Meal Agar
(CMA), (DIFCO)which were incubated for six days in the
dark at room temperature(23 -/+ 3 C).
The mycelium growing out of the stem tissue was
transferred to PDA, CMA and Cowpea Agar (crude extract of
cowpea stem and root in distilled water 20% w/v + agar 2%
w/v ). Plates were incubated at room temperature in
alternating light and dark for 10 days and observed for
mycelial growth and any sexual or asexual reproductive
structures.Five mm plugs of the fungus growing on PDA
were transferred to Petri's Mineral Solution( Johnston
and Booth, 1983) in petri dishes or a nonsterile soil
extract (50g of soil in 1000 ml of water incubated with
occasional swirling for 24 hrs at room temperature and
then filtered through four layers of cheesecloth and
filter paper). After 10 days hyphal growth from the plugs
was examined for presence of sporangia.
Pathogenicity Tests
Two experiments were conducted to test the
pathogenicity of the isolated fungus on cowpea var.
Blackeye. The soil used was a mixture of two parts loam
soil, one part sand and one part coir dust (made out of
pulverized coconut husk).The soil mixture was autoclaved10
at 1200 C and 15 psi pressure for 20 min. before use in
22-cm dia clay pots.
In the first experiment, two 1-cm dia plugs of the
fungus grown on PDA for 7 days were placed 1 cm below the
seed in the soil mix.The control consisted of
noninoculated PDA plugs added to the soil mix. Five seeds
were sown in each pot.
In the second experiment, the fungus was grown for
one month at room temperature in the dark on a medium
containing equal volumes of loam soil and washed sand
amended with corn meal (3% w/v).This fungal inoculum was
added (3% w/w) to a soil mixed thoroughly by hand, and
placed in clay pots.Five seeds were sown in each pot.
The control pots received 3% (w/w) noninoculated,
autoclaved corn meal soil: sand mixture added to
autoclaved soil.
Plants in both experiments were fertilized twice with
the recommended 5-10-10 NPK mixture, watered daily and
allowed to drain freely, in a greenhouse with 8 hrs of day
light.
RESULTS
Pathogen identification
A slow growing fungus with aseptate hyphae was
recovered from lesions on the stem on PDA and CMA plates.11
Mycelia subcultured on PDA and CMA for seven days produced
no reproductive structures.Subcultures on cowpea agar,
however, produced abundant oogonia and antheridia
(Fig.1B). The mycelia produced on cowpea agar was sparse,
so reproductive structures were easily observed
microscopically (400x).Sporangia were produced within
24-48 hrs from mycelium transferred to either Petri's
mineral solution or soil extract with suspended cowpea
roots (Fig 1C).Sporangia developed on simple nonbranched
sporangiophores and on simple monochasial sporangiophores.
Sporangia were mostly ovoid to obpyriform in shape,
nonpapillate or inconspicuously papillate, and germinated
on cowpea broth by release of zoospores or directly by
germ tubes through the exit pore plug. The structures
matched the description of Phytophthora vignae
(Waterhouse, 1970).
Oospores were observed in host tissue (400x) and were
abundant in cowpea agar culture.Oogonia were spherical,
hyaline at first, but becoming light brown with age.
Antheridia were all amphigynous.Oospores were loose
(aplerotic) in the oogonium. The fungus had all of the
morphological features characteristic of Phytophthora
vignae (Purss, 1957).The identification as P. vignae
was confirmed by the Commonwealth Mycological Institute,
London, U.K., and the culture is deposited in the IMI type
culture collection under the accession number IMI316196.12
Pathogenicity tests
In the first pathogenicity tests, only about 10% of
the plants showed typical root and stem rot symptoms.All
control plants were healthy.In the second experiment,
however, 100% of the plants became infected and stem
girdling and leaf wilting symptoms appeared within 10-15
days after planting.Plants in the control pots remained
healthy.The causal agent of the stem lesions were
reisolated and identified to be P. vignae, confirming
Koch's postulates.
DISCUSSION
Phytophthora vignae is the causal organism of stem
and root rot of cowpea in Sri Lanka.
The soils used in the greenhouse experiments came
from a river bank close to the experimental station and
from a forest area about 2 km away.Several questions
need answers:(a) How well distributed is P. vignae in Sri
Lankan soils?; As the pathogen was isolated from a soil
that contained river bank soil, the pathogen propagules
may have moved down stream from cowpea growing fields, if
P. vignae was present in those soils.(b) Why hasn't the
pathogen become a threat to farmers yet?; The reason may
be due to enviornmental and biological factors keeping the13
P. vignae in low numbers in soil, and also may be due to
resistant varieties of cowpea grown in the fields. and (c)
Does the pathogen have an alternate host other than
cowpea?
P. vignae, which is grouped under key group Vi in the
genus Phytophthora (Ribeiro, 1978), along with some broad
host range Phytophthora spp. (i.e. P. cambivora and P.
cinnamomi), has not been reported previously in Sri Lanka.
Thus, this is the first report of its occurrence in Sri
Lanka.14
Figure 1-1.Phytophthora root and stem rot
disease of cowpea and the incitant P. vignae.
(A) stem lesion (arrow) on symptomatic cowpea
(B) oospore (C) sporangium of the pathogen,
produced after 10 days on cowpea agar.15
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CHAPTER 2
DISTRIBUTION AND PATHOGENICITY OF PHYTOPHTHORA VIGNAE IN
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SUMMARY
Phytophthora vignae, causal agent of stem and root rot of
cowpea, was isolated from soils in 3 districts of Sri
Lanka. Baiting with plants of the suceptible cowpea
cultivar California Blackeye or with floating discs of tea
leaves, allowed isolation of the pathogen from soil. The
disease potential index (dilution end point) was 0-16 in
soils tested. Among the cowpea varieties grown in Sri
Lanka, MI-35, ETA, Muttessa, and Sudumung were the most17
resistant.The US varieties Mississippi Purple, Purple
Hulk, and Hercules wereresistant to most of the isolates
and susceptible to P006, P007, and P009. The morphological
characters and pathogenicity of the three isolates to
which these varieties were susceptible were different from
the other isolates of the pathogen, suggesting that they
belong to a different race. None of the other legumes
tested, i.e. Vigna radicina (green gram), Vigna mungo
(black gram), Phaseolus vulgaris( var. Top Crop, French
Bean, and Kentucky Wonder), Glycine max (soybean), Ca anus
ca.an(Pigeon Pea), Mucuna prurita, and Lanka Kadala were
infected by the pathogen.
INTRODUCTION
Phytophthora vignae, causal agent of stem and root
rot of cowpeas, is reported only from Japan, India,
Australia, South Korea, and Taiwan (Kitazawa et al., 1978;
Nirwan and Upadhyaya, 1972; Purss, 1953 and 1957; Han et
al., 1982; Kao and Leu, 1982). It has always been host
specific with one exception. Kitazawa et al., 1978, showed
that adzuki bean (Phaseolus angularis) was susceptible to
P. vignae. Unlike Phytophthora megasperma, which causes a
similar disease in soybean (Glycine max) and is
distributed worldwide (Schmitthenner,1985), P. vignae is18
sparsely distributed.
Cowpea (Vigna unguiculata) is grown mainly in ten
districts of Sri Lanka where it is an important grain
legume. Nearly 1,000,000 acres of cowpea are grown in two
seasons each year, seasons being known as Yala and Maha.
About 75% of the cultivated acreage depends on rainfall,
while 25% is irrigated.
In chapter 1, we reported on the pathogen's existence
in Sri Lanka. The soils for the greenhouse experiments
were collected from the Mahaweli riverbank and from a
forest area about one mile from the research station. The
pathogen could have moved down stream from cowpea-growing
areas further up the river, or may have been harbored by
an alternate host, possibly a wild legume in the forest.
The purposes of this study were to (1) evaluate the
distribution of the pathogen in field soils,(2) determine
any alternate hosts, and (3) and if the pathogen is
present in these soils, determine it's disease potential
and virulence to cowpea varieties grown in Sri Lanka.
MATERIALS AND METHODS
Description of sites and sampling method:
Five of the ten main cowpea growing districts in Sri
Lanka were selected for sampling: Kurunegala,
Anuradhapura, System C, Kandy, and Matale. Based on the19
annual rainfall, Anuradhapura and System C districts are
in the dry zone, Kandy and Matale districts are in the wet
zone, and Kurunegala district is in the intermediate zone.
Five sampling sites were selected randomly from each of
the districts. Cowpea was growing at each site at the time
of sampling. However the varieties were sometimes
different (MI-35, Arlington, Bombay) and the age of the
plants were not the same (ranged from 3 wk old to 2
months).
Soil cores 15-20 cm deep were collected within rows
and near plant roots at about 20 m intervals and randomly
along a W shaped path covering the entire area of each
field sampled (Lin, Poushinsky, and Mauer, 1979). One
hundred soil samples were taken within a sampling site,
bulked and mixed in large buckets, and then stored in
polyethylene bags for transportation to the research
station.
Isolation and identification:
Techniques for isolation of several Phytophthoraspp.
from soil have been described by Tsao (1980), and Ribeiro
(1978), but neither report mentions isolation of P. vignae
from soil.
Isolation of P. vignae from cowpea-growing soilswas20
attempted by three methods.
(1) Plant trap method:
This method involved use of plants of a susceptible
cowpea variety to trap the pathogen from soil. Soils were
transferred to 12 cm diameter pots within 24 hr. after
soils were collected from cowpea fields or the following
morning. Four seeds of the cowpea variety California
Black-eye were planted in each pot. There were 5 replicate
pots for each sampled field.The control for each field
was autoclaved soil. The experimental pots were placed in
the greenhouse under natural daylight conditions. The
plants were watered daily and kept for one month or until
disease symptoms developed. If disease occurred, the small
pieces of stem from the advancing margin of lesionswere
cut and immersed in 0.1% mercuric chloride for 30 sec,
washed three times in sterile distilled water, and blotted
dry before placing on Corn Meal Agar (CMA) media, (DIFCO,
Detroit, Michigan) containing 20 ug/ml pimaricin (SIGMA,
St. Louis, Missouri) and 200 ug/ml vancomycin (SIGMA, St.
Louis, Missouri). Plates were incubated in the dark at
room temperature for 4 days. Mycelia growing out of stem
tissue were transferred to CMA and Cowpea agar (CPA) made
of 200 g cowpea stem and root extract, and 15 g agar in
1000 ml distilled water. The plates were incubated for a
week under the same conditions before examination and
identification.21
(2) In-vitro baiting using the Double Cup Method.
The double cup leaf disc trap method described by
Linderman and Zeitoun (1977) was used for all samples
brought from the cowpea fields. Tea leaf discs were used
based on preliminary bait experiment tests. After the
soils brought from cowpea fields were planted with cowpea
var. California Blackeye seeds and grown for a month or
less, small representative soil samples were collected
from the 5 replicates, mixed and used in the leaf disc
trap assay. The bait leaves frequently became infected
with Pythium spp.; accordingly, Hamm and Hansen's (1984)
modification of the method was used with slight
modifications. Hymexazol (3- hydroxyl -5- methylisoxazole)
which suppresses most Pythium spp., was added at a
concentration of 35 ug/ml to the tap water. Distilled
water with hymexazol was added at a ratio of about 6:1 of
water to soil (Pratt and Heather, 1972). Discs 8 mm in
diameter were cut from tea leaves and floated on the
water. Ten discs were put in each of 5 replicate cups. The
control assay was with autoclaved soil. The leaf discs
were transferred aseptically into petri plates containing
selective medium after 48 hours of incubation at room
temperature under light/dark conditions. The selective
medium consisted of CMA as the base medium with 10 ug/ml
pimaricin, 200 ug/ml vancomycin, 100 ug/ml PCNB and 50
ug/ml Hymexazol (Tsao and Guy, 1977). Five discs from each22
replicate were cut in half and 5 halves were transferred
to one plate. The colonies growing out of each disc were
asepticallytransferred to petri plates with CMA, to
observe colony morphology and any reproductive structures
for identification of P. vianae. The other halves of
each of 5 discs were immersed in Petri's solution to
induce sporangial sporulation. After 24-48 hours they were
transferred to the selective medium and allowed to grow
out.
(3) Isolation by using selective media.
The basal component in all three selective media used
was CMA (DIFCO). Selective medium 1(S1) consisted of 5
ug/ml Pimaricin, 200 ug/ml vancomycin, 100 ug/ml
Penicillin, 100 ug/ml Pentachloronitrobenzene (PCNB), 2.5
ug/ml Benomyl and 20 ug/ml hymexazol (Papavizas, Bowers,
and Johnston, 1981). Selective medium 2(S2) had 10 ug/ml
pimaricin, 200 ug/ml vancomycin, 100 ug/ml PCNB and 50
ug/ml hymexazol (Tsao and Guy, 1977). Selective medium 3
(S3) consisted of 20 ug/ml Pimaricin, 200 ug/ml vancomycin
and 200 ug/ml penicillin (Hansen et al., 1979). The
antimicrobial agents were added to CMA after autoclaving
at 120 C and 15 psi for 20 minutes and cooling to 45 C
just before pouring plates.
Two isolation methods were attempted using the
selective media:(a) 10 g of soil from each field was23
mixed in 90 ml of sterile distilled water and swirled for
2 hours on a rotary shaker at 100 rpm. Serial dilutions of
10-1 to 10-6 were made and 0.5 ml of each dilutionwas
transferred and spread with a sterile glass rod on each of
the selective media. Three replicates of each dilution was
made.(b) Soil from cowpea fields was sprinkled onto the
three selective media, each soil having three replicate
plates.
Pathogen Identification:
The CMA and CPA plates containing the mycelial plugs
transferred from any of the three isolation methods were
observed under a phase contrast microscope for any
sporangia and/or oogonia and antheridia. If the
reproductive structures of a culture were characteristic
of a Phytophthora sp., it was further compared with the
original Sri Lankan P. vignae isolate (IM1316196). These
cultures were grown in pure culture on PDA and eight, 8 mm
dia plugs were transferred to 500 ml of autoclaved 1:1:1:
Corn Meal:soil:sand (CMSS) medium in 1000 ml pyrex conical
flasks, and allowed to incubate for one month. The
Phytophthora inoculum was mixed in pasteurized soil at 1%
v/v, andseeds of cowpea variety California Blackeye were
planted. The control had 1% (v/v) of sterilized CMSS
medium in soil. Induction of disease symptoms on the plant24
confirmed that the test fungus was pathogenic and using
Koch's postulates as described in chapter 1, it was
further confirmed to be P. vignae. The cultured isolates
were maintained in tube slants on PDA, CMA and CMSS at 20
C in the cold room. All isolates were re-cultured every
month.
Quantitation of P.vignae propagules in soil:
The serial dilution end point (SDEP) method (Tsao,
1960) was used to quantify P. vignae propagule numbers
using the susceptible cowpea var. California Black-eyeas
the trap plant. This method gave an estimate of the
Disease Potential Index (DPI) which reflects the inoculum
potential of the pathogen in soil. Cowpea field soilwas
diluted two fold with sterile soil (1/2, 1/4, 1/64),
and seeds of California blackeye cowpea were planted in
soils of each dilution. Five replicate 12 cm dia potsper
dilution were used.
Alternate Hosts:
While sampling cowpea fields in all five districts,
weeds and legumes growing close to the fields were
surveyed for stem lesions and blight symptoms. Ifany were25
found showing symptoms of the disease, they were brought
to the lab in moistened bags and pathogen isolations made
as described previously. Weeds or legumes growing near
soil where the pathogen had been collected for greenhouse
use were also examined.
Varietal Resistance:
Eight cowpea varieties grown in Sri Lanka, six
varieties grown in the U.S.A., and four breeder lineswere
tested in comparison to the susceptible variety California
Black-eye. The varieties tested in Sri Lanka included
Arlington, MI-35, ETA, Bombay, Sudumung, Hawari-Mae,
Polon-Mae, and Muttessa. The breeder lines tested were IT-
84E-1-108, IT-83-S-818, IT-84E-124, and IT-82D-513-1.
The varieties tested in the USA were Mississippi
Purple (MP), Mississippi Silver (MS), Hercules (H), Purple
Hulk (PH), and Cowpea Banquet (CB) and California Black-
eye (BE). P. vignae P001 inoculum grown in CMSS medium was
used at 1% v/v of the soil mixture of sand and loam which
was pasteurized (60° C/30 min). Five seeds were planted in
each of five replicate pots in tests in Sri Lanka. The six
varieties tested in the USA were inoculated with all
isolates collected from Sri Lanka with the exception of
P020 and P017 which were lost in transit. The inoculumwas
prepared in 250 ml conical flasks containing 125 ml of26
coarse vermiculite moistened with 75 ml dilute V8 juice
(200 ml of V8 juice concentrate, 800 ml of distilled water
and 2 g CaCO3) autoclaved twice over a period of 24 hours
for one hour each. The inoculum was grown for 1 month,
observed under the microscope, and then added to the
pasteurized soil at 1% v/v in 10 cm dia pots. Control pots
contained autoclaved vermiculite moistened with V8 juice
added to pasteurized soil. Four seeds were planted in each
of five replicate pots.Occurrence of disease symptoms
was observed over the next two months.
Pathogenicity on other legumes:
Nine leguminous crops grown in Sri Lanka were tested
in comparison with susceptible cowpea var. California
Black-eye. They were soybean (Glycine max), black gram
(Vigna mungo), green gram (Vigna radicina), pigeonpea
(Cajanus ca'an), Lanka kadala, Mucuna prurita, and
Phaseolus vulgarisvarieties french bean, Top Crop and
Kentucky Wonder. Five replicate 12 cm dia pots of each
legume with 5 seeds in each pot were planted in inoculated
soil (inoculation procedures as in the varietal resistance
trial). Disease was evaluated after two months.27
RESULTS
Of the three methods used for isolation of P. vignae
from cowpea field soil, the plant trap method and the leaf
disc bait method were successful. Neither P. vignae nor
any other Phytophthora spp. were isolated from the soils
tested using selective media.
The tea leaf 1/2 discs from the leaf disc bait method
put in Petri's solution produced sporangia characteristic
of P. vignae or other Phytophthora spp. that germinated
readily when placed on the selective medium. Hymexazol in
baiting water or selective media inhibited Pythium growth.
P. vignae was isolated from the Kandy, Anuradhapura, and
System C. districts. Of the 5 sites sampled in each
district, 2 samples in Kandy, 3 in Anuradhapura and 2 in
System C contained the pathogen (Table 2.1). The isolates
grew out well on V8 agar, CMA, PDA, and CPA. On CPA and
CMA, the fungus made reproductive structures. The mycelial
morphology of the isolates looked similar, but some of the
isolates (P006, P007, P009) from Anuradhapura grew slowly
and their sporangia were slightly smaller. The trap plant
assay also recovered P. vignae as summarized in Table 2.2.
Ten isolates of the pathogen were recovered by this
method. Fourteen isolates were obtained from the leaf disk
bait method and confirmed to be P. vignae by microscopic
examinations and their pathogenicity on cowpea. In one28
sampling site P. vignae was recovered with the leaf disc
bait method, but not the plant trap method. At least three
isolations from three diseased plants per sample site were
attempted. The roots and stem parts of collected plants
were thoroughly examined for disease symptoms.Koch's
Postulates were confirmed with these isolates by the
induction of stem and root rot symptoms on cowpea and re-
isolation. Other Phytophthora spp. were isolated by the
baiting methods but did not cause disease symptoms on
cowpea.
In the Serial Dilution End Point experiment, the
highest DPI was 16 in MI-3 soil. All other soils had lower
or a 0 DPI (Table 2.2).
Despite repeated attempts, P. vignae was not isolated
from leguminous plants other than cowpea. Thus no attempt
was made to identify any of these plants.
Of the cowpea varieties grown in Sri Lanka, MI-35,
ETA, Muttessa and Sudumung were the most resistant (Table
2.3). All other varieties had below 50% survival rate when
P. vignae was present at (1% v/v) inoculum/soil. All four
breeder lines, which came from the parent Muttessa, tested
in Sri Lanka were resistant to the pathogen (Table 2.3).
Among the varieties grown in the U.S.A, Mississippi
Purple, Hercules and Purple Hulk were resistant to all
isolates except P006, P007, and P009 (Table 2.3 and 2.4).
These three isolates were more virulent on USA varieties29
than the rest of the isolates. There was no difference in
virulence among the three isolates on all varieties.
In pathogenicity tests with nine other legumes grown
in Sri Lanka, all were resistant to P. vignae.
Discussion
Our success in isolating Phytophthora vignae from
cowpea field soil in Sri Lanka can be attributed largely
to the use of the susceptible cowpea variety California
Black-eye plant as a trap. We feel that other baiting
methods (Tsao, 1960; Hansen et al., 1988; Hamm et al.,
1988; Chee and Foong, 1968; and Klotz and DeWolfe, 1958)
might favor recovery of other Phytophthora spp. over P.
vignae. A similar approach was used previously to isolate
P. megasperma, the causal agent of alfalfa root rot (Marks
and Mitchell, 1970; Pratt and Mitchell, 1973, and 1975).
As P. vignae seems to be present in soil in low propagule
numbers, the more prominent soil inhabitants could first
colonize the bait and mask the P. vignae even when
isolating on selective media. Growing the susceptible
cowpea variety in the soil allowed P. vignae to cause
lesions on which the pathogen could multiply. Heavy
watering also created environmental conditions conducive
for the disease to occur in the greenhouse.
The leaf disc bait assay to isolate P. vignae was30
also successful, possibly due to three main factors:(1)
The soil used had been heavily irrigated and planted with
a susceptible host grown under conducive greenhouse
conditions. These conditions appeared to activate the
pathogen propagules. Canaday and Schmitthenner (1982)
reported that keeping the soil moistened for two weeks
prior to the baiting increased the chances of Phytophthora
megasperma f.sp. glycinea isolation from the soil. Our
method went a step further by using a susceptible host
plant to enhance the production of sporangia by inoculum
in situ before baiting. Using hymexazol in both the bait
water and in the selective medium helped to minimize
colonization of the baits by Pythium spp. This is
important in baiting especially when the pathogen
propagule number in soil is low (Tsao 1980). We also used
a high water to soil ratio to encourage sporangial
production and to reduce the fungistatic effects by soil
dilution.
The pathogen's inability to cause disease at a
detectable or observable level in most farmer's fields may
be attributed to one or many of the following factors: dry
field soil conditions, hot temperatures (35 -37° C), the
varieties grown in those areas being resistant to the
level of the P. vignae propagule level in the soil, and
the presence of antagonistic microorganisms.
Failure to recover P. vignae from soil by dilution31
plating on selective media may be due largely to the low
number of propagules in the soil. The nutrient level of
the basal medium (CMA) may also have been too lowfor P.
vignae propagules to germinate. In addition one or more of
the antimicrobial agents in the medium may have also been
too concentrated for the P. vignae propagules. We had
difficulty isolating this pathogen by direct soil plating
or soil dilution procedures, even from artificially
infested soil. Others have reported similar difficulties.
For example P. infestans needs a more nutritious basal
medium than CMA (Holloman, 1965). Tsao (1970) stated that
too high concentrations of pimaricin limited Phytophthora
isolation in their studies with the PV medium (Tsao and
Menyanga, 1966).
The serial dilution end point (SDEP) technique used
to gain DPI values of different soils was successful. All
the fields sampled generally had a low DPI based on the
dilution end point. Only with soil from the area that
showed some bare patches on the ground where seeds had
been sowed and stem lesions were apparent on living
plants, was the DPI as high as 16. The DPI of 16 was
obtained in the field where watering occurred daily and
soil was very moist. The disease symptoms were also
present in this field. But even that DPI was low compared
to the DPI of 128 reported by Greenhalgh (1978) for fields
examined for P. cinnamomi. Kandy district had the lowest32
DPI values of the areas from which the pathogen was
isolated, possibly due to the milder temperatures (21-26
C) in Kandy compared to the more disease favoring
conditions in Anuradhapura and System C (30-35 C). One
site in Matale district had a DPI of 1, but P. vignae was
not isolated from this region. Also P. vignae was isolated
from the Ku-1 site in Kandy district by the leaf disc bait
method, but the DPI was O. These results suggest that the
soils sampled had different potentials to cause disease,
even under conducive conditions. For soils with a DPI of 0
and from which the pathogen was not isolated, the pathogen
probably was not present or propagule levels were below
the level of detection. Soils with the pathogen present
and at detectable levels, however may be suppressive to
the disease due to physical, chemical, or biological
(antagonistic) properties.
This study established the presence of P. vignae at
least in 3 different districts of Sri Lanka, even though
the disease was only observed in one site in the
Anuradhapura district. That site was heavily watered
compared to other sites, as it was managed by the
Agricultural Research Station, Maha illuppallama. All
other sites in that district had well drained, dry soils
with high soil temperature. Disease will occur in fields
where the pathogen is present only if susceptible
varieties are planted. Antagonistic microorganisms in33
soils of those fields may restrict the pathogen from
causing disease (Linderman et al., 1983). Alternatively,
symptoms or signs of the disease may have been overlooked.
For example, low yield could easily be attributed to
environmental factors rather than to root disease.
Somasiri (1981) stated that the performance of cowpea in
poorly drained soils was quite unsatisfactory.
Phvtophthora spp. cause more disease in poorly drained
soils than in well drained soils.
The fact that we did not isolate the pathogen from
any weeds or legumes does not rule out the possibility of
an alternate host. We examined only weeds exhibiting stem
lesions or wilting near cowpea fields. An alternate host
could harbor the pathogen without exhibiting visible
above-ground disease symptoms.
The cowpea varieties Muttessa, Eta, Sudumung,and MI-
35 were highly resistant to the pathogen isolate P001. MI-
35 and Eta are the most common varieties grown in the
districts sampled. Breeding for these varieties was done
in the Anuradhapura district and breeders may have
unknowingly selected for their resistance to the P. vignae
disease. These varieties also have higher yields and
command a higher market price because of their better
texture and flavor. The higher yields could be due to the
resistance to stem and root rot. We have not madeany
yield comparisons to confirm this, however.34
Three varieties in the USA were completely resistant
to isolate P001: PH, MP, and H. However, all were
susceptible to isolates P006, P007, P009. These results
suggest the occurrence of two races of P. vignae in Sri
Lanka; P006, P007, and P009 belonging to race 2, and all
the other isolates belonging to race 1. It is interesting
that race 2 was found only at the MI-3 site of the
Anuradhapura district. Purss (1972) described four races
according to varietal resistance observed in Australia.
Tsuchiya et al. (1986) proposed three races of P. vignae
f.sp. adzukicola based on pathogenicity of isolates in
Japan.
Patridge and Keen (1976) found the phytoalexin
keivitone in the resistant variety Caloona. Ralton et al.
(1988) reported increased production of phenylalanine
ammonia-lyase (PAL) in the resistant variety Caloona in
the presence of P. vignae. It is believed that the PAL
catalyses one of the initial reactions in the biosynthetic
pathway leading to kievitone in cowpea, as with in
glyceolin in soybeans. They concluded that a single
dominant gene is responsible for the resistance of Caloona
to race 2 of P. vignae found in Australia. Patridge and
Keen (1976) also concluded that `Caloona' had single gene
resistance to P. vignae, since it is a near-isogenic line
of the susceptible variety Poona.
We feel that race 2 in Sri Lanka is a new race that35
is pathogenic on all six varieties tested in the USA. It
would be interesting to test both the races on Sri Lankan
varieties of cowpea and also compare with races found in
Australia.
Results shown in Table 2.3 indicate that U.S.
varieties are completely resistant, moderately resistant
or highly susceptible to isolates P001 and P006 in a
greenhouse pot environment. In a field situation, some of
these varieties showed "field resistance" except in the
Maha Illuppallama area where the soils were heavy and
moist. Purss (1958) also observed field resistance of
certain cowpea varieties that broke down when conditions
favored the pathogen.
Our work showed that, depending on the race (isolate)
or the concentration of the pathogen, the immunity or high
resistance could be broken down, as we encountered with
the P006 isolate. We would therefore be cautious in
describing the nature of resistance of varieties, as some
varieties appear to have a general type of resistance
while others have a more specific type of resistance.
These could be explained by horizontal and vertical
resistance, respectively (Vanderplank, 1963).
All legumes other than cowpea that we inoculated
showed complete resistance.Purss (1958) showed similar
results with some legumes, and our work adds to his list
of susceptibility/resistance of different legumes and36
legume cultivars. Adzuki bean (Phaseolus angularis) is the
only legume other than cowpea known to be susceptible to
P. vignae (Kitazawa et al., 1978; Kitazawa et al., 1979;
Tsuchiya and Tanaka, 1984; Ishiguro and Ui, 1981; and
Tsutiya et al., 1986). Kitazawa et al.(1979) further
tested the 4 races of P. vignaefrom Australia, on adzuki
beans and cowpeas, along with the P. vignae Japanese
isolates pathogenic on adzuki bean. Tsuchiya et al.(1986)
suggested designating "formae speciales" for isolates of
P. vignae differentiated on their pathogenicity to adzuki
bean and cowpeas. They named P. vignae f.sp. adzukicola
and P. vignae f.sp. vignae for the isolates pathogenic on
adzuki bean and cowpeas, respectively.37
Table 2.1: Isolation of Phytophthora vignaefrom soil
collection sites within five districts of Sri
Lanka.
DISTRICT SITE P. VIGNAE ISOLATES ISOLATED
ANURADHAPURA MI-1
SYSTEM -C
KURUNEGALA
KANDY
MATALE
MI-2 P001, P003, P010
MI-3aP005, P006, P009, P007
PPD-2
PPD-3
DK-1 P012, P002, P021
DK-2 P019, P004, P008
SE-1 P020, P016, P022
SA-1
NA-1
NI-1
MAK-1
MAW-2
PA-1
PA-2
GN-1 P011, P014, P015
HA-1 P013, P017, P018
PI-1
KU-1 P023, P024
KU-2
MA-1
SI-1
SI-2
DA-2
DA-3
only site where disease was observed in the field.38
Table 2.2:Percent mortality of cowpea 'California
Black-eye' plants grown in test soils collected
from sites within five districts of Sri Lanka
and the calculated Disease Potential Index.
DISTRICT SITE % plants dead DPI*
ANURADHAPURA MI-1 0.0 0
MI-2 32.5 8
MI-3 37.5 16
PPD-2 0.0 0
PPD-3 0.0 0
SYSTEM-C DK-1 30.0 8
DK-2 27.5 4
SE-1 37.5 8
SA-1 0.0 0
NA-1 5.0 4
KURUNEGALA NI-1 0.0 0
MAK-1 0.0 0
MAW-2 0.0 0
PA-1 0.0 0
PA-2 0.0 0
KANDY GN-1 12.5 1
HA-1 20.0 2
PI-1 0.0 0
KU-1 0.0 0
KU-2 0.0 0
MATALE NA-1 0.0 1
SI-1 0.0 0
SI-2 0.0 0
DA-2 0.0 0
DA-3 0.0 0
*DPI values basedon the reciprocal of the last twofold
dilution with a positive disease reaction.39
Table 2.3: Cowpea varietal resistance to Phytophthora
vignae isolates P001 and P006, 2 months after
inoculation under greenhouse conditions.
VARIETY PERCENTAGE PLANT SURVIVAL
P001 P006
BLACKEYE 0
ARLINGTON 20
MI-35 60
ETA 70
BOMBAY 0
SUDUMUNG 60
HAWARI MAE 30
POLON MAE 40
MUTTESSA 95
MISSISSIPPI PURPLE 100 45
MISSISSIPPI SILVER 25 20
HERCULES 100 0
PURPLE HULK 100 0
COWPEA BANQUET 0 0
CALIFORNIA BLACKEYE 0 0
BREEDING LINES
IT-84E-1-108 100
IT-83-S-818 90
IT-84E-124 100
IT-82D-513-1 100
Control = Pasteurized soil, noninoculated with pathogen.
The plants in control pots were completely disease free.40
Table 2.4: Pathogenicity of Phytoihthora vignae isolates
from Sri Lankan soils on different U.S. cowpea
varieties.
FREQUENCY OF INFECTION BY P. VIGNAE ISOLATES
COWPEA VARIETY
ISOLATE CBE a MP MS CB PH H
P001
P003
P010
+++ b
+++
+++
-
-
+++
+++
+++
+++
+++
+++
_ -
P005 +++ - +++ +++ - -
P006 +++ ++ +++ +++ +++ +++
P009 +++ ++ +++ +++ +++ +++
P007 +++ ++ +++ +++ +++ +++
P012 +++ - ++ +++ +
P002 +++ +++ +++
P021 +++ +++ +++
P019 +++ - ++ +++ - +
P004 +++ +++ +++ +
P008 +++ - +++ +++ -
P016 +++ ++ +++ +
P022 +++ - ++ +++
P011 +++ - +++ +++
P014 +++ +++ +++
P015 +++ - ++ +++
P013 +++ ++ +++ - +
P018 +++ - +++ +++ + +
P023 +++ - +++ +++
P024 +++ +++ +++
a CBE = California Blackeye, MP = Mississippi Purple,
MS = Mississippi Silver, CB = Cowpea Banquet,
PH = Purple Hulk, H = Hercules
bFrequency rating of diseased plants = - = 0%; +
25%; ++ = 26-80%; +++ = > 80% of plants diseased.
= 5-41
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CHAPTER 3
BIOLOGICAL CONTROL OF PHYTOPHTHORA VIGNAE BY SOIL BACTERIA
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AND
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SUMMARY
Bacterial strains isolated from Sri Lankancowpea
fields and several known biocontrol agents from other
sources significantly reduced in vitro mycelial growth of
Phytophthora vicinae by producing antibiotics,
siderophores, and volatile inhibitors. Divided petri
plates confirmed production of volatile substances that
were absorbed into the target (receiving) medium, with a
corresponding increase in pH from 6-9, andwere soluble in
water where they inhibited mycelial growth and sporangial46
formation by the pathogen. Production of volatiles by the
bacteria occurred in soil amended with Tryptic Soy Broth
or Cowpea Seed Extract but not in unamended soil. The
increased pH of the target agar suggests that ammonia is
evolved and is responsible for the inhibition. Inhibition
of vegetative growth of P. vignae in culture was dependent
also on the substrate supporting the bacteria. P. vignae
was inhibited by volatiles from bacteria grown on TSA but
not from bacteria grown on NA/KB. Oospore germination of
P. vignae was inhibited by strain DF-3101 in soil, thereby
reducing disease severity and increasing root dry weight.
Greenhouse experiments showed that three Sri Lankan
isolates consistantly reduced disease severity and
increased plant growth. Soil or seed treatment with DF-
3101, a gram + cocci; DF-7107, a gram + rod, and DF-1481,
a gram - rod suppressed the disease caused by P. vignae.
Biocontrol agents from other sources, including
Enterobacter aerogenes (B-8), Pseudomonas fluorescens (Pf-
5) and Bacillus subtilis (AB-6, EBW-4), did not
consistently suppress disease or increase plant dry
weight. None of the bacteria tested promoted cowpea growth
as PGPR. Colonization of roots by strain DF-1124, a
rifampicin resistant mutant of DF-3101, was the same
whether seed-inoculated onto the cowpea resistant variety
Mississippi Purple or the susceptible variety California
Blackeye, except in the first two weeks of colonization;47
rhizosphere competence was high in both.
The biocontrol potential of these three Sri Lankan
bacterial strains coupled with the knowledge that they
came from cowpea field soils where there was no disease
though the pathogen was present, suggests that these
microorganisms may be involved in a natural
suppressiveness of P. vignae in Sri Lanka. Our results
also indicate that volatile compounds produced by these
and other soil bacteria may be involved in biocontrol.
INTRODUCTION
Biological control is the reduction of the amount of
inoculum or disease producing activity of a pathogen
accomplished by or through one or more organisms other
than man (Cook and Baker, 1983). Several bacteria and
fungi have been reported to work as biological control
agents (BCA) against numerous diseases of plants in the
last three decades (Kerr, 1972; Ganesan and Gnanamanickam,
1987; Cook and Rovira, 1976; Weller and Cook, 1983;
Anagnostakis, 1982; Costa and Muller, 1980; Ohr and
Munnecke, 1974; Scher and Baker, 1980; Harman et al.,
1980) .
Several reports have shown that some bacteria and
fungi are effective as biocontrol agents (BCA) against48
oomycetous fungi, especially Phytophthora and Pvthium spp.
Handelsman et al. (1990) reported that the bacterium
Bacillus cereus (U84) significantly reduced damping-off
disease of alfalfa seedlings, caused by Phytophthora
megasperma f.sp. medicaginis. Knauss (1976) reported that
several Streptomyces spp. were antagonistic against
several Phytophthora and Pythium spp. tested. Ko (1982)
reported biological control of Phytophthora root rot of
papaya by organisms contained in virgin soil of Hawaii.
Seed treatment of pea and cucumber with Enterobacter
cloacae reduced rots caused by Pythium spp. (Harder et
al., 1983).Lifshitz et al. (1986) used several strains
of Pseudomonas to effectively reduce Phytophthora root rot
severity on soybean. Effective field control of apple
crown and root rot caused by Phytophthora cactorum was
obtained by inoculating soil with Enterobacteraerogenes
strain B-8 (Utkhede, 1987).
Some Phytophthora and Pvthium diseases have been
controlled by soilborne saprophytic fungi as well. Gees
and Coffey (1989) reported that a strain of Myrothecium
roridum reduced root rot of avocado caused by P.cinnamomi.
Valdebenito-Sanhueza (1987) reported reduction of
mortality by P. cactorum of apple rootstocks treated with
Trichoderma viride. Hvphochytrium catenoides reduced
Phytophthora root rot of soybean when it was added to soil
on a vermiculite carrier (Hsu and Lockwood, 1984).49
Biological control of plant pathogens is achieved by
different mechanisms. Antibiosis (Howell and Stipanovic,
1980), competition for nutrients such as iron (Loper,
1988; Kloepper et al., 1980) cross protection (Speakman
and Lewis, 1978), mycoparasitism (Elad et al., 1980) and
through volatile inhibitors (Schisler and Linderman, 1989;
Herrington et al. 1987; Howell et al. 1988; Dennis and
Webster, 1971b) are some of the important mechanisms that
have been studied.
Phvtophthora vignae Purss. causes stem and root rot
of cowpeas, Vic:ma unguiculata sub sp. unguiculata Walp. L.
(Purss, 1957). The pathogen was isolated from cowpea-
growing fields of Sri Lanka, but the disease was absent in
most of these fields (see chapter 2). One explanation of
this finding was that biological control was occurring
naturally in these fields by antagonism of the pathogen
propagules. The phenomenon of suppressive soils, where the
pathogen is present but the disease absent, has been
reported previously by Broadbent and Baker, 1974a; Utkhede
et al., 1978; Pegg, 1977; Scher and Baker, 1982; Kobayashi
and Ko, 1985, and Linderman et al., 1983.
Biological control is a potential alternative to the
use of chemicals or resistant varieties. Chemical control
is very expensive and may become ineffective if resistant
strains of pathogens develop. Resistant varietiescan
easily become susceptible with a new race of the pathogen.50
We investigated the possibility of biologically
controllingP. vignae, the causal agent of cowpea stem
and root rot (Purss, 1957, and Nirwan and Upadhyaya,
1972), because it has not been studied before, and because
we had detected potential suppressiveness occurring in the
cowpea-growing fields of Sri Lanka.
We report here the isolation of several potential
biocontrol agents (PBCA) from thecowpea field soils in
Sri Lanka where the pathogenwas present but disease
symptoms of cowpea stem and root rot were absent. We also
tested these PBCA against two apparentraces of the
pathogen isolated from Sri Lankan soils (chapter 2), along
with several known BCA from othersources for their
antagonistic activity in vitro and in vivo.
MATERIALS AND METHODS
Isolation of bacteria from soil:
Soil was collected from cowpea-growing fieldsin Sri
Lanka where the stem and root rot pathogen Phytophthora
vignae was present or not detectable, butthe disease was
absent. Soil was collected near healthycowpea plants in
the field along with the plant itself. Soilwas sampled to
a depth of about 15-20 cm. The soil was separated from the51
plant by shaking the soil into a plastic tub in which the
soil was mixed. About 10 plants per fieldwere randomly
selected to represent one bulk soil sample. The soil was
brought to the laboratory in plastic bags and stored in
the cold room until further use.
Bacteria were isolated by serial dilutions of field
soils dispensed onto Nutrient Agar (NA)(DIFCO) or King B
(KB) medium (King et al., 1954). An aliquot (0.1 ml) of
each dilution (10-2 to 10-6) was spread on the surface of
NA or KB agar and incubated at room temperature (-27 °C)
for 48 hours. The most predominant bacterial coloniesor
very large and conspicuous colonies were further isolated
and streaked into pure culture on fresh NA or KB petri
plates. A total of 173 strains were isolated.
Bacteria were then tested for antagonism againstP.
vignae on Corn Meal Agar (CMA)(DIFCO) petri plates. The
bacteria were streaked across the middle of the plate, and
two 0.5 mm plugs of the fungus were centrally placedon
opposite sides of the streak. The plateswere incubated at
room temperature for a week. Antagonism of mycelial growth
of the P. vignae was the criterion for selection of
strains for further testing. Nineteen strainswere
selected as potential biocontrol agents (PBCA) against P.
vim-me in-vitro, along with several known BCA of other
pathogens.52
Inhibition of P. vignae by soil bacteria in culture.
Single bacteria from the initial screening and
known biocontrol bacteria were streaked on PDA, NA, or KB
and Tryptic Soy Agar (TSA)(DIFCO) media on 100x15 mm
plastic petri plates. The plates were then incubated for
24 hr at 27 C. Plugs (0.5 mm) of P. vignae isolates P001
and P006 were placed on either side of the streak. Control
plates were streaked with sterile distilled water (SDW).
Four replicate plates for each combination were incubated
at room temperature for 10 days.
Production of volatile inhibitors of P. vignae in culture.
Several soil bacteria were tested for volatile
production and inhibition of P. vignae on divided 100x15
mm petri plates. The bacterial strains were streaked over
the full area of one half of the plate containing TSA, KB
or NA agar. Control plates were streaked with SDW. The
plates were incubated for 5 days at 27 C. Then plugs (0.7
mm) of P. vignae P001 were placed on the PDAagar on the
second half of the plate and incubated for another 5 days
at room temperature. The pH of the PDA agar surfacewas
tested daily using litmus paper.
A similar experiment to that above, but with fewer
bacterial strains, was conducted to see whether the amount53
of volatiles absorbed into the PDA was enough to inhibit
the pathogen after removal of the bacterial strain.
Bacteria were inoculated and incubated for 5 daysas in
the previous experiment. Before the fungal plug was placed
on the PDA side of the plate, the entire agar from the
half containing the bacterial strain was removed from the
plate. Then the PDA side was inoculated with the pathogen
and incubated for 5 days at room temperature in the dark.
Production of volatile inhibitors by PBCA in pasteurized
soil:
A 50:50 soil sand mix was autoclaved twice at 120° C
and 15 psi for 1 hr., 24 hr apart. Sixty ml of this
mixture was placed in 100x15 petri dishes. BCAs to be
tested were grown in NA plates for 72 hr at 27 C. Ten ml
of SDW, Tryptic Soy Broth (TSB)(DIFCO) or Cowpea Seed
Extract (CSE) were autoclaved and poured into each NA
petri plate containing the BCA. The bacteriawere removed
from the agar medium with a sterile L-shaped glass rod,
and the bacterial substrate solution aseptically poured
into the 60 ml of soil in petri plates. Five replicate
plates per treatment were made. For controls, 10 ml of
each solution used were added to the soil mixture without
the bacterium, or the bacterium was added without the
substrate. The soil petri plates were covered withan54
inverted bottom half of a petri plate containing PDA. The
joint between the plates were sealed with parafilm. The
plates were then incubated at 27 C for 5 days, the seal
was removed, and a 0.7 mm plug of P. vignae was
transferred to the PDA top. The plates were resealed with
parafilm and incubated at room temperature in the dark for
a further 5 days (Fernando and Linderman, 1990a).
Plant assay for cowpea seed colonization and control of P.
vignae by biocontrol agents:
Several strains of PBCA from Sri Lanka and known BCA
of other pathogens, such as some Pseudomonas sp.,
Salmonella sp., Enterobacter sp., Bacillus sp. and
Serratia sp. were used in the experiment. Bacteriawere
grown either on NA or KB medium at 27° C for 48 hr after
transferring from tubes containing nutrient broth + 1% w/v
glycerol (Nagly) held at -80 F degrees. A loop full of
bacteria from the NA or KB plates was aseptically
transferred into 50 ml of nutrient broth (NB)(DIFCO) in
flasks that were then incubated at 30° C on a rotary
shaker at 150 rpm for 72 hr. The bacterial suspensionwas
then poured into autoclaved centrifuge tubes and
centrifuged for 15 min at 3500 g. The supernatantwas
decanted off and the bacterial pellet was resuspended in
10 ml of 0.1 M MgSO4.7H20 solution and diluted to 50 ml55
with the same solution. The mixturewas centrifuged again
at the same speed and time, and the supernatant decanted
off. The pellet was resuspended in 0.1 M MgSO4.7H20 and
diluted to a cell density of approximately 1x109 colony
forming units (CFU) /ml calibrated witha spectrophotometer
to A64onm=0.5 (Fernando and Linderman, 1990b). The number of
cfu/ml was confirmed with serial dilutions of the solution
reading 0.5 absorbance.
Cowpea cv. Blackeye seeds were submerged in the
bacterial suspension for 15 min before planting. The seeds
for control treatments were treated for thesame time in
SDW. The soil used was a 50:50 pasteurized soil sand mix.
The soil was pre-inoculated by hand mixing 1% v/v ofP.
vignae inoculum. The inoculumwas prepared by placing 10
0.7 mm plugs from the actively growing margin ofa 7-day-
old colony of P. vignae in a 1000 ml flask containing500
ml of coarse vermiculite amended with 300 ml of V-8 juice
diluted solution (200 ml V-8 juice, 800 ml distilledwater
and 2 g CaCO3). The flasks were autoclaved first for1 hr,
and then, after 24 hr, for another 20 min and cooledfor a
further 24 hr before the P. vignae plugswere added. The
flasks were incubated in the dark atroom temperature for
one month before use. Numerous oospores were on the
vermiculite pieces at the time the inoculumwas added into
soil. Super cell tubes (Ray Leach Nursery, Canby,OR) were
filled with the infested soil,seven replicates for each56
bacterial strain. One Blackeye cowpea seedper tube was
planted and the tubes were kept on greenhouse benches ina
completely randomized design (CRD). A 16/8 hr light/dark
cycle was given, and plants were watered daily.
Disease severity was recorded 12 days after planting.
A Disease Severity Index (DSI) was recordedas of day 12,
using a 0 to 3 scale for stem DSI, anda 0 to 4 scale for
root DSI. For stem DSI ,0=healthy plant, 1= leaves pale
with a light grey area appearingon the stem, 2=stem
shrivelling, girdling, and wilting of the plant, and
3=plant dead. The root DSI was 0=no root damage, 1= 0-25%
root rot, 2= 25-50% root rot, 3= 50-75% root rot, 4= 75 %-
100% root rot. Plants were harvested at 12 days and plant
dry weight (PDW) and root dry weight (RDW)were recorded
after the plants were dried for 72 hr inan oven at 700 C.
Three separate experiments were conducted. Datawere
analyzed by one way analysis of variance andmeans
separated by either Fisher's protected LSDor Waller-
Duncan exact baysian LSD test.
Direct impact on P. vignae oospore germination by
bacterial strain DF-3101:
In our greenhouse studies, DF-3101, a bacterial
strain from Sri Lankan soils, appeared to inhibitP.
vignae most consistently. Therefore 0.1g of pathogen57
inoculum (with oospores) grown on vermiculite was dipped
in a suspension of this bacterium (1x108 CFU bacteria/ml)
prepared as described above. Then 0.1 g vermiculite
inoculum, was placed 1 cm below the seed of cowpea
California Blackeye, in pasteurized 50:50 soil sand in
super cell tubes in a completely randomized design.
Fifteen replicates per treatment were made.
Conditions were maintained as in the previous plant
assay, but the plants were grown for 21 days before
harvesting. Disease severity and tissue dry weight were
determined as described above.
Inhibition of sporangia formation and mycelial growth of
P. vignae by volatiles produced by DF -3101.
Effects of volatiles produced by bacterial BCAs on
sporangium formation were evaluated. Bacterial strain DF-
3101, one of the most promising BCA, was used to streak
Tryptic soy agar (TSA) plates. Ten ml of either SDW, PS,
or TSB were put in a petri dish and covered with the
bottom of the petri plate containing the bacteria, and
sealed with parafilm. The plates were incubated for 3 days
at 27 °C before 0.7 mm dia P. vignae plugs (5 each) were
placed in the liquid medium. The plates were re-sealed and
incubated at room temperature under fluorescent lights for58
5 days.
Mycelial growth and sporangia formation were observed
under the microscope. Growth of mycelia over 3 mm from the
edge of the plug was taken as 100% growth. Number of
sporangia were counted in 3 random areas of view under
100x magnification in each of three replicate dishes
contained five plugs. Change in pH of the liquid medium
was also determined over time with litmus paper.
Growth of DF-1124 (rif+ mutant of DF-3101) on the
rhizoplane of roots of resistant and susceptible varieties
of cowpea:
An experiment was carried out to observe the root
colonization potential of the biocontrol bacterial strain
DF-1124 on the rhizoplanes of roots of the cowpea
varieties that are susceptible or resistant to P. vignae
isolate P001. Mississippi Purple (MP) was selected to
represent the resistant varieties, and California Blackeye
(BE) as the susceptible variety. Strain DF-1124 was a
rifampicin resistant mutant (Rif+) of the biocontrol agent
strain DF-3101. It was derived as follows. DF-3101was
inoculated into 50 ml Nutrient Broth (NB)[Difco] in 125
ml Erlenmeyer flasks and grown for 24 hr at 300 C ina
rotary shaker. A 0.1 ml aliquat of the suspension was
inoculated and spread onto King B (KB) agar medium [King59
et al., 1954] amended with 100 ppm rifampicin/L (RIF) in
petri plates with a 1000 ul pipetman (Ranin).The plates
were incubated at 27° C for 4 days in the dark, and
colonies appearing were transferred by streaking onto KB.
These were grown for three days before they were
transferred to NB + glycerol medium and stored at -80 C.
The rif resistant mutant DF-1124 from parent strain
DF-3101 was similar in growth rates and antagonistic
activity in-vitro in our preliminary examinations, andwas
selected for further investigation.The bacteria were
retrieved from cold storage onto Nutrient Agar (NA)
[Difco], and incubated for 48 hr at 27° C. A bacterial
loop from these plates was used to inoculate 50 ml
tryptyic soy broth (TSB)[Difco] in 125 ml Erlenmeyer
flasks and incubated at 30° C for 72 hr on a rotary shaker
set at 150 rpm. The bacterial suspension was centrifuged
at 3500 g for 15 min, the supernatant discarded and the
bacterial pellet re-suspended in 0.1 M MgSO4.7H20. The
suspension was cenrifuged, supernatant discarded and re-
suspended again in 0.1 M MgSo4.7H20. The bacterial
suspension was measured at 640 nm on a spectrophotometer
and adjusted to 0.5 absorbance units (-1x 109 cells/mi.).
Cowpea seed were inoculated by soaking for 15 min in the
bacterial suspension before planting. Dilution plating of
a seed washing gave -1x108bacteria per seed.
Bacteria were applied to 20 seeds each of MP or BE60
plants. The inoculated seeds were planted in pasteurized
50:50 soil sand mix in 12 cm dia plastic pots. The plants
were provided with light and water as described earlier,
and 10 ml/pot of Long Ashton Nutrient solution was applied
at full strength twice a week.
Two plants from each treatment were randomly selected
every week, and roots from the middle one third were cut
with a sterile scalpel and removed with forceps. After the
roots were washed, they were weighed and placed in a
blender with 99 ml of SDW and macerated for 2 min at high
speed. Serial dilutions up to 10-6 were made. An aliquot
of 0.1 ml of each dilution was put onto KB agar medium
amended with rifampicin (100 mg/L). The dry weight of the
root sample was determined by calculating % moisture from
the fresh and dry weights of the remaining roots. The
plates were incubated for 72 hr at 27 C, and Rif+ colonies
emerging on the medium were counted and expressed as cfu/g
of dry root. All colonies had the same orange color as the
inoculated strain.
pH changes on split plates:
DF-3101 strain was streaked on KB, TSA, and NA in one
half of divided plates. The other side contained only PDA.
The plates were incubated at 270 C, and pH changes on the
PDA side were monitored daily with litmus paper placed
asceptically on the agar surface.61
RESULTS
In vitro inhibition of P. vignae by soil bacteria.
Inhibition by most bacteria was significantly
different from the control. Most bacterial strains
exhibited antagonism against P. vignae isolates P001 or
P006 (Table 3.1 and 3.2).
The bacteria tested inhibited P. vignae to different
extents on different media and differently depending on
whether it was isolate P001 or P006 (Tables 3.1 and 3.2).
Enterobacter aerogenes inhibited P001 isolate fully in all
three media tested. Bacterial strain AGB-3 allowed very
little growth of both isolates (Figure 3.1a). Pseudomonas
fluorescens (Pf-5) and some others inhibited P. vignae
mycelial growth only on the side of the bacteria,
suggesting that volatiles were not responsible (Figure
3.1b). Pf-5 was fluorescent on KB but not on TSA or NA,
suggesting that the production of different compounds
depended on the medium (Figure 3.1c). Inhibition of P.
vignae by a given bacterial strain often varied with the
medium (Figure 3.1d). The bacterial inhibition of the two
pathogen isolates on the same medium also varied.62
In vitro production of volatile inhibitors of P. vignae.
When grown on TSA medium all bacterial strains tested
produced volatiles that inhibited P. vignae significantly,
as compared to the control (Table 3.3). Figures 3.2a-3.2c
show inhibition of the pathogen by different bacteria. The
pH of the PDA side of the divided plates changed from 6.0
to 8.5 or 9.0 within 5 days.
When the bacterial colony was removed before the P.
vignae was inoculated, vegetative growth of the funguswas
inhibited significantly by absorbed volatiles from all
bacterial colonies tested (Table 3.4), and pH of the
medium was increased from 6.0 to 8.3. But with thesame
bacteria on NA or KB plates, there was relativelymore
growth of the pathogen as compared to the plates of the
previous experiment (Figure 3.3a-3.3b).
Production of volatiles in soil and inhibition of P.
vignae in culture.
Production of volatiles and corresponding inhibition
of the pathogen was determined by the substrate added to
the soil with the bacteria (Table 3.5). When TSB or CSE
were added, there was very good inhibition of P. vignae
mycelial growth, but not when SDW was added (Figure 34a-
3.4d). Most of the known BCA and PBCA from cowpea fields63
of Sri Lanka were highly inhibitory to P. vignae when
provided a growth substrate.
Biological control of cowpea seedling disease.
In experiment 1, plant dry weight (PDW)increased
significantly over pathogen-treated controls with
bacterial treatments DF-3 and AGB-2 (Table 3.6). The
disease severity was reduced significantly by seed
treatment with DF-1481, DF-3101, DF-7107, JL-4085, DF-
7102, and DF-7103 in comparison to the pathogen-treated
control. The DSI of plants treated with the two strains
that increased PDW were not significantly different from
that of the control.
In experiment 2, the PDW was increased significantly
when treated with bacterial strains DF-1481, DF-3101, and
DF-7107. The DSI of the stem was decreased with bacterial
strains DF-1481, DF-3101, DF-7107, DF-7106, AGB-1, and
Bacillus subtilis strains AB-6,and EBW-4 (Table 3.7). None
of the bacteria increased the PDW significantly from the
control in the absence of the pathogen (Table 3.8).
In experiment 3, only DF-3101 significantly increased
PDW and root dry weight (RDW)(Table 3.9). Root DSI of
treatments with DF-3, DF-3101, DF-7107, DF-1481,
Enterobacter aerogenes (B-8), and Pseudomonas fluorescens
(Pf-5) were significantly lower than the control, but the64
DSI of the stem did not significantly differ from the
control when treated with these agents (Table 3.10). None
of the bacteria increased plant growth when they were
inoculated without the pathogen (Table 3.11).
None of the biocontrol agents used in all three
experiments increased the PDW to the level of the
pathogen-minus treatment, except in experiment 2, where
DF-1481 and DF-7107 did. Only strain DF-3101 consistently
controlled P. vignae.
Oospore germination:
Strain DF-3101 significantly decreased the disease
severity of stem and root and increased the root dry
weight but not stem dry weight of cowpea grown in soil
amended with the P. vignae inoculum (Table 3.12 ).
Inhibition of sporangia and mycelial growth:
Growth of P. vignae mycelium and sporangia production
were inhibited (P < 0.01) by volatiles produced by DF-3101
grown on any of the media, compared to 100% mycelial
growth and 22, 68, and 19 sporangia per examined field on
SDW, petri solution, or TSB control plates respectively.
Rhizoplane colonization:
The population size of RifR strain DF-1124 in the
rhizoplane was greater on the susceptible variety than on65
the resistant variety during the first two weeks following
planting (Figure 3.5). Thereafter the population size of
DF-1124 on both varieties was similar.
pH change in divided plates:
The pH of media exposed to volatiles from bacterial
strain DF-1124 increased rapidly between 24-48 hr (Figure
3.6). On the 3rd day, the pH increased up to 9.0 when the
bacteria were growing on TSA medium. When the bacteria
were grown on NA, the pH increased from day 2-8, then
decreased.
DISCUSSION
The results of our study indicate that mechanisms by
which soil bacteria biologically control soilborne plant
pathogens are more complex than very often reported. Most
often biocontrol of an organism is attributed to one
individual compound (antibiotic) or mechanism. Our results
suggest that very often the activity and biological
control mechanism is determined by the type of environment
that is made available to the BCA. For example the
bacteria can effectively control a pathogen in one medium
and not in the other. Strain DF-3101, though not very
effectively growing on PDA as a fungal mycelial inhibitor,
was very effective on the TSA side of divided plates66
inhibiting the pathogen growing on PDA, even without
direct contact. This suggests that the DF-3101 produced
volatile inhibitors on TSA and on NA/KB, but not on PDA.
Our findings that the pH of the exposed medium increased
to around 9.0 in three days suggests that the volatile may
be ammonia. Howell et al.(1988) reported the production
of ammonia by Enterobacter cloacae and suggested its
possible role in the control of Pythium ultimum. Our
results confirm their results, but also suggest that many
biocontrol bacteria can produce volatiles, like ammonia or
other metabolites, if given the right substrate and time
for its activity to be expressed. If we had used only
undivided PDA plates to confirm antibiosis of DF-3101, we
would have eliminated it as being not effective against
isolate P001. The bacterial strains were also active
producers of volatile inhibitors on soil, given a
substrate like TSB or CSE.
The complete inhibition of mycelial growth of P.
vignae on PDA after the removal of the bacterial strain
grown on TSA proves that the volatile was absorbed by the
PDA and that sufficient volatiles were produced to inhibit
mycelial growth in the first 5 days. The pH change in
experiment 2 plates also occurred in three days. pH
changes in split plates over a period of 11 days, showed
that pH increased and reached a maximum by the 3rd day,
suggesting absorbance of volatiles by the medium on the67
other side. The increase up to 8.3-9.0 suggested that
ammonia was involved. The pH being quite constant when
bacteria were growing on KB and TSA suggests that the
bacteria were actively producing ammonia even on the 11th
day. In NA the bacteria may not produce ammonia after the
7th day, as pH decreased. We have observed (in other
experiments) the fungus mycelium starting to grow about
the same time on NA plates. This may also suggest that the
volatile compound/s released are fungistatic. The pH shift
from basic to acidic could be due to the bacteria no
longer producing the volatile substances with depletion of
medium, or ammonia was being converted to HNO2, as
suggested by Tsao and Oster (1981).
The growth inhibitions of P. vignae challenged with
different bacterial strains ranged from 0-15 mm in NA/PDA
or KB/PDA divided plates, which suggests the production of
different amounts of either the same or different volatile
inhibitors.This may mean that the bacteria keep
producing volatile inhibitors for prolonged periods. This
could be a valuable attribute for a biocontrol agent:
protection of the plant from infection of the pathogen in
the initial stages of the plant growth (Nelson et al.,
1986; Hader et al., 1983; Loper, 1988; Howell et al.,
1988; Handelsman et al., 1990). To accomplish biocontrol,
the bacterial population must be maintained and provided a
substrate to produce antimicrobial compounds to control68
the pathogen to at least a threshold value.
Our greenhouse studies consistently showed that
strain DF-3101, a yellow-orange pigmented (on KB)gram
negative cocci, consistently decreased disease severity
and increased plant dry weight two fold as compared to the
pathogen-only control. Although several strains
significantly reduced disease severity and increased plant
dry weight, they did not do so consistently. Enterobacter
aerogenes (B-8), Bacillus subtilis strains AB-6, EBW-4,
and Bact-1 increased PDW of apple seedlings infected byP.
cactorum (Utkhede and Gaunce, 1983; Utkhede and Li, 1989;
Utkhede, 1984).Strains JL-4085 (Hi strain) and JL-4085
(Ro strain) increased growth of apple seedlings (Caesar
and Burr, 1987). While these bacteria appeared to increase
cowpea PDW, the effect was not significant. However,
rhizosphere competent bacteria in one host environmentmay
not necessarily do well in another.
Enterobacter cloacae (JL-1157), Pseudomonas
fluorescens (Pf-5) and Serratia plymuthica (6109001) did
not significantly decrease disease severitynor increase
PDW, though all have been effective biocontrol agents in
other host environments. Serratia plymuthica has been
effective as a seed protectant (J. Marlow, personal
communication). Pf-5 produces many anti-fungal compounds
in-vitro, including pyoluteorin (Pyo)(Howell and
Stipanovic, 1980), pyrrolnitrin (Howell and Stipanovic,69
1979), fluorescent siderophore (Flu), ammonia (Linderman
et al., 1990), cyanide, and an unidentified antibiotic
(Kraus and Loper, 1990). Our studies demonstrated that Pf-
5 produces a volatile which is inhibitory to P. vignae,
given the right substrate (i.e. KB). Howell and
Stipanovic's (1980) observation that P. ultimum mycelial
growth inhibition by Pf-5 on KB plates, could very well be
due, at least in part, to ammonia. We also observed
siderophore production and fungal inhibition by Pf-5 on KB
medium, so the antagonism of Pf-5 to P001 on KB could at
least partly be due to the production of siderophores
which could chelate iron. Pf-5 reduced root disease
severity against P. vignae, but did not increase PDW. We
also observed some phytotoxicity when cowpea seeds were
inoculated with Pf-5 at lx108 bact./ml, possibly due to
the production of cyanide, or the anti-fungal compounds
themselves being too toxic to the seed. Kraus and Loper
(1990) studied the role of pyoluteorin production in
biocontrol of Pythium damping-off of cucumber using Pyo-
mutants. They showed that biocontrol of Pythium damping-
off of cotton is not mediated by pyoluteorin or
siderophore production of Pf-5 in a Willamette silt loam
soil by using Pyo- and Flu- mutants. This agrees with our
finding that biocontrol bacteria produce several anti-
fungal compounds in different substrates and environments,
and could differ in activity and production of these70
compounds depending on the nature of the host.
In the oospore germination experiment, the decrease
in root and stem rot disease and the increase in root dry
weight suggests that DF-3101 inhibited oospore
germination. Sporangia production and mycelial growth was
arrested by the production of volatiles by DF-3101. This
confirms that the volatiles have a direct action on the
pathogen inoculum and that the volatiles are water
soluble. Even in the presence of Petri's Mineral Solution,
which enhances the formation of sporangia, there were no
sporangia produced in the presence of volatiles from the
bacterium.These studies help us to understand some of
the mechanisms of control of pathogen inoculum by
biocontrol agents.
Bacterial (biocontrol agent) colonization on a
resistant variety does not seem to be more than on a
susceptible variety, at least based on the information of
the two varieties we tested. The greater colonization of
DF-1124 on the susceptible variety in the initial stages
of the plant growth than on the resistant variety could be
valuable as the plant is more vulnerable to P. vignae at
the initial stages of the plant growth.But this may be
different in the presence of other microorganisms and also
in the presence of the pathogen.
The best biocontrol agents tested in this study
against the cowpea pathogen, were the Sri Lankan strains71
isolated from the cowpea fields. Their efficacy in
colonizing cowpea roots and providing plant protectionwas
better than that of other organisms tested. Although
their protection against P. vignae was significant,
treated plants still were smaller than uninoculated
plants. With knowledge of the interactions of these
strains with other microorganisms, its most preferred
substrate and soil, soil condition and competence as a
rhizosphere organism, and application in a soil with a
lower pathogen propagule density, these biocontrol agents
could be even more effective.
Our results show that there may be a high level of
natural biocontrol suppressiveness in some cowpea fields
of Sri Lanka, especially those fields from which we
isolated the pathogen but no disease was apparent. We
conclude that these Sri Lankan soils may be suppressive to
P. vignae due to the presence of bacterial strains like
DF-3101, DF-7107, and DF-1481 and other bacterial strains
that are antagonistic to the pathogen. We also conclude
that these bacteria may have several mechanisms of
biocontrol, including production of volatiles, like
ammonia, and antibiotic compounds.72
Figure 3 -la. Inhibition of Phvtophthora vignae
isolates P001 and P006 by Sri Lankan strain AGB-3 on
PDA.73
Figure 3-1b. Inhibition of P. vignae by production of
antibiotics by Pseudomonas fluorescens (Pf-5) on PDA.74
Figure 3-1c. Production of siderophores and inhibition
of P. vignae by P. fluorescens (PF-5) on KB.75
Figure 3-1d. Inhibition of P. vignae on different
media by P. fluorescens (PF-5).Figure 3-2a. Inhibition of P. vicinae through volatile
compounds by strain DF-1481 on TSA.Figure 3-2b. Inhibition of P. vignae through volatile
compounds by Salmonella sp.(JL-4085) on KB.78
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Figure 3-2c. Inhibition of P. vignae through volatile
compounds by strain DF-7104 on NA.79
Figure 3-3a. Inhibition of P. vignae by Enterobacter
aerogenes (B-8) by production of volatile compounds on
TSA and NA with removal of the bacterium, before
inoculation with the pathogen.80
Figure 3-3b. Inhibition of P. vignae by PGPR
Pseudomonas sp.(JL-4084) by production of volatile
compounds on TSA and KB with removal of the bacterium
before inoculation with the pathogen.Sod Av...havNAeetw;tts A 13 -6 in"1- SS
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Figure 3-4a. Inhibition of P. vignae mycelial growth
by production of volatile compounds by Bacillus
subtilis (AB-6) in soil amended with TSB82
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Figure 3-4b. Inhibition of P. vignae mycelial growth
by production of volatile compounds by P. fluorescens
(PF-5) in soil amended with Tryptic Soy Broth.83
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Figure 3-4c. Inhibition of P. vignae mycelial growth
by production of volatile compounds by E.aerocienes
(B-8) in soil amended with cowpea seed extract.84
Figure 3-4d. Inhibition of P. vignae mycelial growth
by production of volatile compounds by Salmonella sp.
(JL-4085) in soil amended with cowpea seed extract.85
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Figure 3-5. Rhizoplane colonization in cowpea by
DF-1124. Log CFU per gram of root on Blackeye and
Mississippi Purple varieties.86
Figure 3-6. pH changes on PDA medium exposed to
volatile compounds produced by DF-3101 grown on TSA,
NA, and KB media.87
TABLE 3-1. In vitro inhibition of Phytovhthora vignae
isolate P001by soil bacteria on different
media after 10 days.
Treatments with bacterial strains
Colony diameter(mm)
PDA TSA NA/KB
Control 41.3 29.6 17.2
Unidentified spp.
AGB-1 7.7** 9.3** 0.0**
AGB-2 6.3** 5.6** 0.0**
AGB-3 2.3** 4.6** 0.0**
DF-1481 2.0** 4.3** 0.0**
DF-2075 5.4** 1.5** 0.0**
DF-7101 45.0 7.6** 0.0**
DF-7103 39.0 3.3** 0.0**
DF-7104 30.9** 7.0** 0.0**
DF-7106 28.5** 5.6** 0.0**
DF-7107 30.5** 0.0** 0.0**
DF-7108 26.3** 2.6** 0.0**
DF-3101 40.0 0.0** 0.0**
Pseudomonas fluorescens (Pf-5) 20.5** 0.0** 2.5**
Enterobacter aerogenes (B-8) 00.0** 0.0** 0.0**
Bacillus subtilis (AB-6) 13.5** 2.5** 3.3**
Enterobacter cloacae (JL-1157) 41.3 0.0** 4.0**
Serratia plymuthica (6109001) 26.6** 0.0** 4.5**
** Significantly different from the control at P<0.0188
TABLE 3-2: In vitro inhibition of
isolate P006 by soil bacteria
media after 10 days.
Phytophthoravignae
on different
Colony diameter(mm)
Bacterial Treatments PDA TSA NA/KB
Control 30.5 20.6 15.2
Unidentified spp.
AGB-1 20.3* 7.3** 0.0**
AGB-2 1.5** 0.5** 0.0**
AGB-3 1.0** 1.0** 0.0**
DF-1481 4.3** 5.5** 0.0**
DF-2075 3.3** 1.5** 0.0**
DF-7101 24.5* 5.0** 0.0**
DF-7103 33.3 3.0** 0.0**
DF-7104 31.9** 4.5** 0.0**
DF-7106 22.5* 1.6** 0.0**
DF-7107 34.0 1.0** 0.0**
DF-7108 24.3* 1.6** 0.0**
DF-3101 29.0 2.0** 0.0**
Enterobacter cloacae(JL-1157) 29.4 0.5** 3.0**
Serratia plymuthica(6109001) 28.6 0.6** 3.5**
** Significantly different from the control at P<0.01, and
* significantly different at P < 0.05. (FPLSD)89
Table 3.3: Effect of volatiles produced by bacteria in
the inhibition of Phytophthora vignae (isolate
P001) mycelial growth on PDA.
Bacterial Treatments
Colony diameter (mm)
TSA NA/KB
Control 25.66 33.6
Pseudomonas sp. JL 4084 0.0** 0.0**
Salmonella sp. JL 4085 0.0** 11.2**
R. fluorescens PF-5 0.0** 0.0**
Enterobacter aerogenes B-8 0.0** 0.0**
Bacillus subtilisN2B1 0.0** 0.8**
B. subtilis AB-6 0.0** 1.5**
B. subtilis Bact-1 0.0** 0.5**
B. subtilis EBW-4 0.0** 2.7**
Enterobacter cloacae JL1157 0.0** 15.0**
Serratia plymuthica 6109001 0.0** 0.6**
Unidentified spp.
DF-1 0.0** 0.7**
DF-3 0.0** 0.0**
AGB-1 0.0** 14.3**
AGB-2 0.0** 2.3**
AGB-3 0.0** 0.0**
DF-2075 0.0** 2.0**
DF-1481 0.0** 12.7**
DF-7104 0.0** 0.0**
DF-7106 0.0** 3.3**
DF-7108 0.0** 0.0**
DF-7107 0.0** 0.0**
DF-3101 0.0** 2.0**
** significantly different from control at P=0.0190
Table 3.4: Inhibition of Phytophthora vignae (isolate
P001) by volatiles from bacteria absorbed into
PDA before the source bactera were removed.
BACTERIAL TREATMENTS
Colony diameter (mm)
TSA NA/KBa
Control 35.0 35.0
Enterobacter aerogenes B8 0.0** 6.8**
Pseudomonas sp. JL4084 0.0** 11.0**
Bacillus subtilis Bact-1 0.0** 12.3**
P. fluorescens PF5 0.0** 5.0**
Unidentified spp.
DF-7107 0.0** 5.7**
DF-3101 0.0** 4.0**
DF-3 0.0** 2.0**
DF-7108 0.0** 2.3**
DF-7104 0.0** 9.0**
AGB-2 0.0** 17.3**
** Bacterial treatments significantly different from
control at P<0.01
aKB agar were used for Pseudomonas strains instead of
NA.91
TABLE 3.5: Effects of volatiles produced by soil bacteria
in substrate-amended soil on growth of P.
vignae (colony diameter).
Colony diameter (mm)a
BACTERIAL TREATMENTS SDW TSB CSE
Control 29.8 20.6 23.2
P. fluorescens JL4084 29.8 17.4** 20.0**
P. fluorescens PF-5 29.2 0.4** 1.0**
Bacillus subtilis AB-6 30.0 1.2** 0.8**
Salmonella sp. JL4085 29.8 5.4** 0.6**
Enterobacter aerogenes B8 29.0 0.2** 0.4**
Unidentified spp.
DF-7107 30.6 0.4** 11.6**
DF-3101 29.4 1.4** 3.0**
DF-1 29.4 1.4** 6.0**
DF-3 30.2 10.4** 16.2**
** Growth significantly different at P=0.01, from control
a Growth of fungal plug in mm on PDA plate in 5 days.
TSB= Tryptic Soy Broth, CSE= Cowpea Seed Extract92
Table 3.6: Exp.l: Effect of biocontrol agents (BCA) on
Phytophthora vignae stem and root rot of cowpea.
BACTERIAL TREATMENTS PDW (mg) DSI
Pathogen treated control
Untreated control (- patho, - BCA)
62
157*
3.00
0.00**
Bacillus subtilis Bact-1 64 3.00
Bacillus subtilis AB-6 66 2.50
Bacillus subtilis EBW-4 74 2.80
Bacillus subtilis N2B1 54 2.50
Enterobacter aerogenesB-8 NT NT
Enterobacter cloacae JL-1157 NT NT
Pseudomonas fluorescensPF-5 NT NT
Pseudomonas sp. JL-4084 45 2.57
Salmonella sp. JL-4085 58 0.60**
Serratia plymuthica 6109001 NT NT
Unidentified spp. DF-7106 79 2.00
AGB-1 86 2.20
DF-3 102* 2.16
DF-1 78 2.75
DF-2075 70 2.16
DF-1481 59 0.85**
DF-3101 99 0.57**
DF-7107 94 0.40**
AGB-3 83 1.14
AGB-2 112* 2.42
DF-7104 52 2.33
DF-7101 69 2.50
DF-7103 87 1.25**
DF-7102 82 1.25**
DF-7108 52 2.50
PDW = Plant Dry Wt.DSI = Disease severity on a scale of
0-3. with 0 = no disease, and 3 = plant dead.
* and ** significantly different at p<0.05 and p<0.0193
Table 3.7: Exp.2: Effect of biocontrol agents on
Phytophthora vim-me stem and root rot of cowpea.
BACTERIAL TREATMENTS PDW (mg) DSI
Pathogen only
No pathogen no bacteria
64
109*
2.75
0.00**
Bacillus subtilis Bact-1 82 2.14
Bacillus subtilis AB-6 62 0.50**
Bacillus subtilis EBW-4 71 0.75**
Bacillus subtilis N2B1 62 2.50
Enterobacter aerogenesB-8 80 0.00**
Enterobacter cloacae JL-1157 67 2.00
Pseudomonas fluorescensPF-5 60 2.00
Pseudomonas sp. JL-4084 86 2.50
Salmonella sp. JL-4085 85 1.75
Serratia plymuthica 6109001 72 3.00
Unidentified spp. DF-7106 64 1.00**
AGB-1 72 0.83**
DF-3 59 2.86
DF-1 86 2.29
DF-2075 64 2.75
DF-1481 111* 0.85**
DF-3101 100* 0.43**
DF-7107 118* 0.83**
AGB-3 64 2.40
AGB-2 44 2.71
DF-7104 72 2.66
DF-7101 54 3.00
DF-7103 61 2.85
DF-7102 92 2.50
DF-7108 64 2.60
PDW= Plant Dry Weight,DSI= Disease Severity on ascale
of 0-3. with 0 = no disease and 3 = plant dead.
* and ** significantly different at P<0.05 and P,0.0194
Table 3.8: Exp.2: Effect of biocontrol agents as plant
growth promoting rhizobacteria on cowpea var.
Blackeye.
BACTERIAL TREATMENTS PDW (mg)
Untreated control 1098
Bacillus subtilis Bact-1 102
Bacillus subtilis AB-6 92
Bacillus subtilis EBW-4 93
Bacillus subtilis N2B1 116
Enterobacter aerogenesB-8 106
Enterobacter cloacae JL-1157 124
Pseudomonas fluorescens PF-5 116
Pseudomonas sp. JL-4084 152
Salmonella sp. JL-4085 135
Serratia plymuthica 6109001 102
Unidentified spp. DF-7106 104
AGB-1 128
DF-3 127
DF-1 96
DF-2075 104
DF-1481 94
DF-3101 113
DF-7107 115
AGB-3 133
AGB-2 134
DF-7104 116
DF-7101 112
DF-7103 104
DF-7102 128
DF-7108 153
8 None of the bacterial treatments were significantly
different from the control at P < 0.05 level (FPLSD)95
Table 3.9: Exp:3. Effect of biocontrol agents on P. vignae
stem and root rot of cowpea in terms of plant
dry weight of stems and roots.
BACTERIAL TREATMENT
PLANT DRY WEIGHT(mg)
STEM ROOT
Pathogen only control
No pathogen no bacteria
79
243*
22
109 *
Enterobacter aerogenes B-8 85 40
Enterobacter cloacae JL-1157 92 30
Pseudomonas fluorescens PF-5 79 30
Unidentified spp. DF-3 99 26
DF-3101 140* 61 *
DF-7107 97 28
AGB-2 79 13
DF-1481 81 19
Numbers followed by an asterisk are significantly
different from the inoculated control at P < 0.05 level
(Fisher's protected LSD test).96
Table 3.10: Exp:3. Effect of biocontrol agents on P.
vignae stem and root rot of cowpea expressed in
the Disease Severity Index
BACTERIAL TREATMENT
DISEASE SEVERITY INDEX
STEM ROOT
Pathogen only control 2.00 4.00
No pathogen no bacteria 0.00** 0.00**
Enterobacter aerogenes B-8 1.85 2.28 *
Enterobacter cloacae JL-1157 2.16 3.28
Pseudomonas fluorescens PF-5 1.60 2.50 *
Unidentified spp. DF-3 1.42 2.42 *
DF-3101 0.85 1.28**
DF-7107 1.57 2.00**
AGB-2 1.50 3.00
DF-1481 1.71 2.57 *
Numbers followed by * are significantly different from the
inoculated control at P < 0.05 level (Fisher's protected
LSD test).
Numbers followed by ** are significantly different at P <
0.01 level.97
Table 3.11: Exp:3. Effect of biocontrol agents as plant
growth promoting rhizobacteria on the cowpea
var. Blackeye
BACTERIAL TREATMENT
PLANT DRY WEIGHT (mg)a
STEM ROOT
Untreated control 243 110
Enterobacter aerogenes B-8 245 129
Enterobacter cloacae JL-1157 313 136
Pseudomonas fluorescens PF-5 249 124
Unidentified spp. DF-3 219 119
DF-3101 256 119
DF-7107 282 129
AGB-2 253 104
DF-1481 262 113
aNone of the bacterial treatments were significantly
different from control at P < 0.05 level (Fisher's
protected LSD test).98
Table 3.12: Effect of bacterial strain DF-3101 on disease
suppression and plant growth, when added to the
vermiculite-colonizedPhvtophthora vignae
inoculum (oospores).
TREATMENT
STEMROOT PLANT ROOT
DSIa DSI DRY WT DRY WT
DF-3101 1.4 * 1.8 * 0.1 0.04 *
CONTROL 2.8 3.3 0.1 0.02
* Significantly different from the control at P < 0.05
level.
a Data are means of Stem DSI rated on a scale of 0 to 4,
and Root DSI rated on a scale of 0 to 4.99
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CHAPTER 4
CHEMICAL CONTROL OF PHYTOPHTHORA VIGNAE STEM AND
ROOT ROT OF COWPEAS
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SUMMARY
The systemic fungicides, metalaxyl and fosetyl-Al, and the
two broad spectrum fungicides, banrot and manzate-200DF,
significantly reduced in vitro mycelial growth of
Phytophthora vignae isolates P001 and P006 at most
concentrations tested. Fosetyl-Al was effective only at
higher concentrations. Sporangia formation and germination
of both isolates was reduced significantly at all
concentrations tested, except for isolate P001 at 1000
ug/ml of fosetyl-Al. No sporangia germinated at 10, 50,
and 100 ug/ml metalaxyl for isolate P001, and at 100 ug/ml
fosetyl-Al for isolate P006. Oogonia formation was105
significantly reduced in all treatments with isolate P006,
but with isolate P001 oogonia formation was not affected
by 10, 50, and 100 ug/ml fosetyl-Al.
Metalaxyl was the most effective of the four
fungicides in disease control at low concentrations in pot
experiments, reducing disease severity and increasing
plant and root dry weight. However, higher concentrations
of metalaxyl (50 and 100 mg a.i./L) were phytotoxic and
reduced plant and root dry weight. High concentrations of
fosetyl-Al were needed to reduce disease. Manzate-200DF
was more effective as a soil drench than as a foliar
application. Banrot and manzate-200DF at 50 and 100 mg
a.i./L, respectively, reduced disease severity as much as
metalaxyl.
Growth of biocontrol bacterial strain DF-3101 in
vitro was not affected by 5 and 10 ug/ml metalaxyl and 10
ug/ml banrot, but partial growth inhibition occurred with
50 ug/ml manzate-200DF, and complete inhibition occurred
with 1250 ug/ml fosetyl-Al. Biocontrol activity
(antibiotic production) of DF-3101 was decreased by
exposure to 10 ug/ml metalaxyl and 50 ug/ml manzate-200DF
on PDA, but biocontrol activity by producing volatile
inhibitors was not affected by exposure to the fungicides.
Our results indicate that all four fungicides tested
are effective against P. vignae, and thus could be used
alternatively to reduce the development of fungicide106
resistance. All of the fungicides (except fosetyl -Al) at
low concentrations could be applied in combination with
bacterial biocontrol agents.
INTRODUCTION
Stem and root rot of cowpea Vigna unguiculata f.sp.
unguiculata Walp. L., caused by Phytophthora vignae, is
one of the most serious soilborne diseases of cowpea in
Australia (Purss, 1957) and Japan (Kitazawa et al., 1979).
It has also been reported in India (Nirwan and Upadhya,
1972), Taiwan (Kao and Leu, 1982), South Korea (Han et
al., 1982), and Sri Lanka (chapter 2).
After the pathogen was isolated in cowpea field soils
from different parts of Sri Lanka (chapter 2), we were
interested in studying various strategies for its control.
We have found no reports on chemical control of P. vignae.
Systemic fungicides for the control of soilborne
diseases caused by fungi of the order Peronosporales were
first developed in the early 1970s (Shwinn, 1983).
Metalaxyl, an acylalanine (N-(methoxy acetyl) - alanine
methyl ester, and phosetyl-Al, an ethyl phosphite
(aluminum tris-O-ethyl phosphonate) are systemic
fungicides now used against a variety of Phytophthora
species causing diseases of different crops (Benson, 1979;
Bruck et al.,1980; Englander et al., 1980; Staub and107
Young, 1980; Papavizas and Bowers, 1981; Farih et al.,
1981; Hunger et al., 1982; Timmer and Castle, 1985;
Tidball and Linderman, 1990). Fosetyl-Al is generally
applied on the foliage and can translocate both
acropetally and basipetally. It is not recommended for
soil application, however, as its activity in soil is
limited. Metalaxyl is translocated upwards and is applied
generally to the soil. Fosetyl-Al is active against some
Phytophthora spp. at concentrations of 1000 ug a.i. /ml or
more (Farih et al., 1981; Schwinn, 1983), whereas
metalaxyl is effective even at concentrations of 10 ug
a.i./ml. Its efficacy even at low rates against many
phycomycetes has made metalaxyl a very important systemic
fungicide. It also has quite low phytotoxicty. The low
activity of fosetyl-Al in culture has led researchers to
propose that it acts indirectly on the pathogen by
increasing the resistance of the host plant (Zentmyer,
1979; Schwinn,1983). Metalaxyl-treated plants also produce
phytoalexins. Hwang and Sung (1989) reported capsidiol
production in stems of pepper plants treated with
metalaxyl, and Ward et al.(1980) showed that glyceollin
production was greater in soybeans treated with metalaxyl
than in untreated plants. Although both fosetyl-Al and
metalaxyl have been used in agriculture for the past 15
years only metalaxyl-resistant isolates of some
Phytophthora species have been detected (Bashan et al.,108
1989; Shattock, 1988). To avoid selection of fungicide
resistant pathogens, farmers generally are advised to use
these systemic fungicides alternatively or mixed with non-
systemic fungicides (Schwinn, 1979). Although both
fungicides can be used in a preventive or curative manner,
due to the problem of resistance, Menge (1986) suggested
preventive rather than curative use to minimize selection
of fungicide-resistant fungi.
The purpose of this research was to evaluate the
efficacy of two broad spectrum fungicides (banrot and
manzate-200DF) compared to two narrow spectrum systemics,
acylalanine (metalaxyl) and ethyl phosphite (fosetyl-A1),
against P. vignae, and to determine their compatibility
with biocontrol bacteria.
MATERIALS AND METHODS
Fungus:
Phvtophthora vignae Purss isolates P001 and P006,
obtained from cowpea fields of Sri Lanka, were used in the
experiments. Isolate P001 is race 1 and P006 is race 2
according to our classification (chapter 2). Isolate P001
was used in all experiments as it was the more commonly
encountered race, and P006 was used only in culture.109
Fungicides:
The fungicides used in the experiments were the
liquid formulation (subdue) of metalaxyl 2 EC (N-(2,6,-
dimethyl phenyl) -N- methoxy acetyl) - alanine methyl ester,
fosetyl-Al (aluminum tris-[o-ethyl phosphate]), manzate-
200 DF (zinc manganese-ethylene bisdithiocarbamate), and
banrot (5-Ethoxy-3-trichloromethy1-1,2,4-thiadiazole +
Dimethyl 4,4'-o-phenylenebis[3 -thioallophanate]).
Stock solutions of the fungicides were prepared by
dissolving the fungicides in sterile distilled water.
These then were used for in vitro tests by adding the
fungicide solution at appropriate concentration into
Potato Dextrose Agar (PDA)(DIFCO), and for pot
experiments as soil drenches or foliar sprays. All
concentrations are given as active ingredients (a.i).
Mycelial growth in fungicide-amended media:
Mycelial growth inhibition was measured by amending
DIFCO PDA with additional 1% agar (SIGMA) with different
concentrations of the four fungicides. The fungicides were
filter-sterilized after stock solutions were made. The PDA
medium was autoclaved and cooled to 45 C before the
fungicide solutions were added. Twenty ml of molten agar
medium were added to each 100x15 plastic petri dish using
a graduated sterile syringe apparatus. Isolates P001 and
P006 of P. vignae were grown for 7 days on PDA amended110
with 20 ug/ml pimaricin, and 7 mm dia plugs were cut from
actively growing colony margins and placed in the center
of the fungicide-amended medium in five replicate plates
per treatment. The PDA was amended with 0,1, 5, and 10 ug
a.i. /ml of metalaxyl; 0, 500, 750, 1000, and 1250 ug
a.i. /ml of fosetyl-Al; 0,1, 5, 10, and 50 ug a.i. /ml of
banrot; and 0, 1, 5, 10, and 50 ug a.i. /ml of manzate 200
DF. Initial experiments with 1, 5, 10 ug a.i. /ml fosetyl-
Al revealed that the fungus grew on these amended plates
as much as on the control plate. Therefore these
concentrations were not included in the main experiment.
The inoculated plates were incubated at room
temperature ("25° C) in the dark for 8 days. Mycelial
growth (colony diameter) was measured daily.
Inhibition of oogonia formation in the presence of
fungicides:
Inhibition of oogonia formation was determined on
cowpea extract agar amended with metalaxyl at 0,1,5, 10,
50, 100, ug/ml and fosetyl-Al at 0, 10,50, 100, and 1000
ug/ml. The fungicides were added to the cowpea agar cooled
to 45° C before pouring plates. Isolates P001 and P006 of
P. vignae were used in the experiment. A fungal plug (0.7
mm) was placed in each of 3 replicate plates per
treatment. The plates were incubated at room temperature
for two weeks in the dark. Five sample areas around the111
initial plug were selected to count the oogonia.
Therefore, oogonia in 15 areas were counted per treatment
at 100x magnification.
Inhibition of sporangia formation and germination:
Three 0.7 mm plugs of P. vignae isolates P001 and
P006 were placed in each of 52 mm dia petri dishes
containing 10 ml of Petri Solution with metalaxyl 0, 10,
50, and 100 ug/ml and fosetyl-Al at 0, 10, 50, 100, and
1000 ug/ml. Each treatment was replicated twice. The
plates were placed under fluorescent light for 5 days for
sporangia to form and germinate. Sporangial formation
counts were made of full and germinated sporangia; counts
for germinated sporangia were made only of empty sporangia
which had released zoospores (indirect germination).
Efficacy of fungicides on P. vignae in greenhouse pot
experiments.
Inoculum preparation and plant material:
Vermiculite (coarse)(500 ml) in flasks was amended
with 300 ml V-8 juice solution (200 ml V-8 concentrate,
800 ml distilled water and 2 g CaCo3) and autoclaved twice
for 1 hr and 20 min, respectively, with a 24 hr interval
between. The P001 isolate of P. vignae was grown on PDA
amended with 20 ug/ml pimaricin for a week, before ten 0.7112
mm dia plugs were transferred to each of the vermiculite
flasks, which were then incubated at room temperature and
in the dark for one month.
Seeds of the susceptible cowpea Vigna unguiculata cv.
Blackeye were used.
Treatments:
There were 12 treatments: Metalaxyl at 10, 50, 100 mg
a.i./L, as a soil drench; fosetyl-Al at 1000 and 2000 mg
a.i./L as a foliar application; manzate-200 DF at 50 and
100 mg a.i./L as a foliar application and 100 mg a.i./L as
a soil drench; and banrot at 10 and 50 mg a.i./L as a soil
drench. The two controls were pathogen treated or
untreated.
Experimental Design:
Seeds of ` Blackeye' cowpeas were planted in
pasteurized (air steam, 60° C/60 min) sand soil mix
(50:50) in 10 cm dia plastic pots. The plants were grown
for 3 wk under 16 hr light period on greenhouse benches.
The first applications of fungicides were made on the 22nd
day after planting. The soil drenches were applied to the
soil surface, 100 ml per pot. Foliar sprays were applied
to leaves until runoff. Before spraying, 100 ml of water
was added to soil, and then the soil surface was covered
with brown paper which was removed after 6 hr. On the 30th113
day, the pathogen inoculum was mixed into the soil in each
pot and the plant replanted. The no-pathogen treatment was
inoculated with sterile vermiculite-V8 medium at the same
volume. The fungicides were applied again 7 days after
pathogen inoculation.The plants were watered every other
day and fertilized once a week during the experiment with
Long Ashton Nutrient Solution. The plant treatments were
arranged on the greenhouse bench in a completely
randomized design. The plants were observed for disease
severity for an additional 2 wk after inoculation before
terminating the experiment. Each treatment was replicated
10 times.
Disease assessment:
Disease severity on stems and roots 2 wk after
inoculation was rated on 0-5 and 0-4 scales for stems and
roots, respectively. For stems, 0= no disease symptoms, 1=
leaves turning pale green, wilt and/or stem lesions
appearing on the base of the stem, 2= leaves severely
wilting and stem lesions advancing upwards, 3= advanced
symptoms as in 2, but with pronounced drying and stem
lesions spreading over 2 cm, 4= 70-90% of plant showing
symptoms with or without stem girdling, 5= plant dead.
For roots 0= no disease symptoms, 1= <25% of lateral
roots with brown lesions and no necrosis on tap root, 2=
25-50% lateral root necrosis and <50% tap root infection,114
3= 50-75% lateral root necrosis and 50% - 75% tap root
necrosis, 4= >75% of lateral root and tap root necrosis.
Stems and roots were dried in an oven for 72 hr at 65
C and their dry weights determined.
Effects on growth and antagonistic ability of DF-3101 on
fungicide medium:
Using the results from in vitro mycelial growth
experiment, the concentration of fungicides in plates
which fully inhibited P. vignae isolate P001 were used in
this study. Metalaxyl at 5 and 10 ug a.i. /ml; fosetyl-Al
at 1250 ug a.i. /ml; banrot at 10 ug a.i./ml, and manzate
200-DF at 50 ug a.i. /ml in PDA were used in 100x15 plastic
petri plates.
The bacteria were cultured in tryptic soy broth (TSB)
DIFCO for 48 hr at 30 C at 150 rpm and then transferred
onto the fungicide plates as a loop streaked zig zag
exactly the same number of times on each plate. The
control plate was a PDA plate without fungicides. All
plates had 20 ml of medium. The bacteria were then allowed
to incubate at 27 C for 2 weeks before their viability and
efficacy to inhibit P. vignae was determined.
At 2 wk, the bacteria from each fungicide treated
plate and control plate were streaked onto the half of
divided petri plates containing tryptic soy agar (TSA)115
King B medium (King et al., 1954), or nutrient agar (NA).
The other side of the divided plate had PDA.The three
replicate plates for each treatment were incubated for 4
days at 27° C. Then 0.7 mm PDA plugs of P. vignae isolate
P001 were transferred into these plates which were
further incubated for 5 days and mycelial growth was
measured as a response to volatile inhibitors. Bacterial
streaks were also made in the middle of PDA and TSA whole
plates, incubated for 5 days at 27° C and challenged with
P001 isolate of P. vignae.
Bacterial growth assessment on fungicide media:
A scale from 0-4 was used to rate the amount of plate
covered (growth) by bacteria on fungicide-amended media.
0= no growth, 1= less than half of the zig zag streaks
covered with growth, 2= 50-75% of streaks covered with
bacterial growth, 3= 75-90% of zig zag streaks covered
with bacterial growth, 4= 100% of zig zag streaks with
bacterial growth (control). Ratings were made after 14
days incubation of three replicate plates.
Data Analysis:
Data were statistically analyzed using the systat
statistical program and one way analysis of variance. Mean
separations were made using Waller-Duncan Baysian LSD at
P< 0.01.116
RESULTS
Mycelial growth inhibition:
Treatments with all the different concentrations of
the different fungicides significantly inhibited mycelial
growth of isolates P001 and P006 of P. vignae as compared
to growth on the control (P=0.01) (Table 4.1).
Concentrations of metalaxyl at 5 ug/ml, banrot at 10
ug/ml, manzate 200-DF at 50 ug/ml, and fosetyl-Al at 1250
ug /mi completely inhibited mycelial growth of P001, but
only banrot completely inhibited isolate P006. Metalaxyl
appeared to be the most effective fungicide at the lowest
concentration with both isolates. P006 appeared to be more
tolerant to fosetyl-Al at 500, 750, and 1000 ug/ml than
P001. The P006 isolate, though slower growing than P001,
was more tolerant of metalaxyl at all concentrations.
Inhibition of oogonia formation:
All plates with metalaxyl at different concentrations
significantly inhibited oogonia formation compared to the
unamended control. With fosetyl-Al, oogonia formation was
not different from the control for P001 isolate at
concentrations 10, 50, and 100 ug/ml (Table 4.4), but with
isolate P006 all concentrations significantly reduced
oogonia formation. Mycelial growth occurred up to 5 ug/ml117
of metalaxyl and up to 1000 ug/ml in with fosetyl-Al, the
latter completely inhibiting oogonia formation.
Inhibition of sporangia formation and germination:
Sporangia formation by P. vignae isolate P001 was
reduced with all concentrations of the fungicides except
with 1000 ug/ml fosetyl-Al (Table 4.2). Sporangia
germination was similarly inhibited. Sporangia germination
was significantly more in 1000 ug/ml fosetyl-Al than in
the unamended control (Table 4.3).
Phytophthora root and stem rot control:
All fungicide treatments (except banrot applied at 10
mg/L) significantly reduced disease severity on stem and
upper parts to varying extents (Table 4.5). Root disease
severity of fosetyl-Al at 1000 mg a.i./L and banrot at 10
mg a.i/L treatments were not significantly different from
the pathogen-treated control without fungicides. Metalaxyl
provided the best disease control, even at the lowest
concentration used (10 mg a.i./L). There were no above-
ground disease symptoms on metalaxyl-treated plants.
Though the roots in metalaxyl treated plants were mildly
infected, disease severity and root protection were
significantly different from other treatments (except
banrot at 50 mg a.i./L). The greatest reduction in root
disease severity was with plants treated with 100 mg
a.i./L metalaxyl. Manzate 200-DF reduced disease severity118
better when applied to the soil than when applied to
foliage. Fosetyl-Al reduced disease severity by 50% each
time its concentration was doubled.
Shoot dry weights were significantly increased by
most fungicide treatments as compared to the inoculated
untreated control, except in with 1000 mg a.i./L fosetyl-
Al, 100 mg a.i./L manzate 200-DF (foliar application), and
10 mg a.i./L banrot (Table 4.6). Only treatments of 10 mg
a.i./L metalaxyl, 50 mg a.i./L banrot, and 100 mg a.i./L
manzate 200-DF increased shoot dry weight to the level of
the non-inoculated untreated control. Higher
concentrations (50 and 100 mg a.i./L) of metalaxyl reduced
shoot dry weight significantly when compared with the
lower concentration (10 mg a.i./L).
The root dry weights of plants treated with 1000 mg
a.i./L fosetyl-Al, 100 mg a.i./L manzate 200-DF (foliar
application), 10 mg a.i./L banrot were not significantly
different from the control. Therefore root and shoot dry
weights followed a similar trend. Root dry weight
decreased with increased metalaxyl concentrations. Soil
application of manzate 200-DF increased root protection
as much as metalaxyl. The root dry weight was increased 4
fold and shoot dry weight over 2 fold by metalaxyl
application, as compared to the control.119
Effects on growth and antagonism of bacterial isolate DF-
3101:
The bacterial strain DF-3101, which was very
effective in biological control experiments (chapter 3),
did not grow on PDA media amended with 1250 ug a.i. /ml
fosetyl-Al, and growth was reduced by 75% when the medium
was amended with 50 ug a.i. /ml manzate 200-DF (Table 4.7).
In all other treatments, bacterial growth was similar to
the control.
In the test for retention of antagonism after being
in fungicide-amended media for two weeks, the bacterial
antagonism was significantly decreased (P=0.05) in
treatments with 10 ug a.i /ml metalaxyl and 50 ug a.i. /ml
manzate 200-DF. Antagonistic activity after growth on
fosetyl-Al could not be tested as the bacterium did not
grow on the amended media. On TSA, inhibition was equal to
that of the control plate in all treatments (Table 4.8).
In terms of volatile inhibition, the pathogen was
inhibited by the bacterium grown on all three media
(TSA/PDA, KB/PDA, NA/PDA) and not significantly different
from the control (Table 4.9). But the bacteria that grew
on 50 ug a.i. /ml manzate 200-DF allowed an average growth
of 4 mm as compared with 0 mm growth in the control
treatment.120
DISCUSSION
Of the four fungicides tested in vitro, metalaxyl was
the most effective at low concentrations in inhibiting P.
vignae isolates P001 and P006. Farih et al.(1981c) noted
a similar effect, even at a lower concentration of
metalaxyl, on P. cinnamomi and P. parasitica. But non-
effectiveness of metalaxyl in media (up to 350 ug a.i. /ml)
has been reported by Bruck et al. (1980) who used amended
Lima Bean Agar (LBA) medium. Ellis et al.(1982) used LBA
and found that 1 ug a.i. /ml inhibited mycelial growth of
Phytophthora cactorum completely, but when the plug was
transferred to LBA without fungicide, the fungus grew,
suggesting that metalaxyl was more fungistatic than
fungicidal.
Our studies also confirm other reports that fosetyl-
Al does not affectively inhibit mycelial growth unless
used at higher concentrations (Farih et al., 1981b; Tey
and Wood, 1983; Smith, 1979). Isolate P006 of P. vignae
was not completely inhibited even at concentrations >1250
ug a.i./ml, whereas P001 was, suggesting that P006 is a
more tolerant isolate. In contrast to this, Fenn and
Coffey (1984) reported mycelial growth inhibition of P.
cinnamomi with fosetyl-Al at concentrations less than 200
ug/ml in low phosphate medium.
The effectiveness of the non-systemic fungicides121
banrot and manzate 200-DF at relatively low concentrations
suggests that they could be used in combination or
application intervals with systemic fungicides like
metalaxyl. This would help reduce the development of
metalaxyl-resistance of Phytophthora spp. and other
pythiacious fungi (Reuveni et al., 1980; Cohen and
Reuveni, 1983; Joseph and Coffey, 1984).
Metalaxyl even at 1 ug/ml very effectively reduced
oogonia formation by P. vignae. Inhibition by fosetyl-Al
was different with the two isolates of the pathogen. Farih
et al.(1981b) reported that fosetyl-Al at 125 ug/ml
effectively reduced oospore formation in P. parasitica.
Sporangia formation and germination was reduced with
both metalaxyl and fosetyl-Al. It is difficult to explain
why sporangia production and germination of isolate P001
were greater than control plates at 1000 ug/ml fosetyl-Al,
while those of isolate P006 were not effected by fosetyl-
Al at this concentration. Ellis et al.(1982) and Farih et
al.(1981c) found similar inhibition of sporangia with P.
cactorum, and P. parasitica and P. citrophthora
respectively. fosetyl-Al is active against P. vignae
sporangia formation at lower concentrations than for
inhibition of mycelial growth and oogonia formation.
Fungicide treatments in the greenhouse parallelled
the in vitro studies. Metalaxyl was the most effective
fungicide and at a lower concentration than the other122
chemicals in reducing disease severity on stem and roots,
and also increasing the mean dry weights of shoots and
roots. However, metalaxyl reduced root and shoot dry
weights when used at a higher concentration (50 and 100 mg
a.i./L) indicating phytotoxicity on cowpea, even though
disease severity was the lowest. Davis (1982) reported
metalaxyl phytotoxicity when applied at 200 mg a.i./L to
control P. parasitica in citrus, but not at 100 mg/L.
Cowpea roots are probably thinner than citrus roots and
could not tolerate concentrations of 50 mg/L, hence
reducing shoot dry weight significantly. However, we did
not observe the phytotoxic symptoms reported by Davis.
As in the in vitro culture tests, high concentrations
of fosetyl-Al were needed to control P. vignae
significantly. The same result has been reported by other
workers (Davis, 1982; Farih et al., 1981a; Fenn and
Coffey, 1984; Ouimette and Coffey, 1989). Results of Fenn
and Coffey (1984) indicate there was no difference in
effectiveness of fosetyl-Al applied as a foliar
application or soil drench, provided it is applied at a
high concentration. There is good evidence that fosetyl-Al
is xylem and phloem translocated (Cohen and Coffey, 1986).
Sandler et al. (1989) noted that metalaxyl drenches
increased feeder root densities, in contrast to fosetyl-
Al, as metalaxyl was capable of killing the fungus in
soil. Our results confirm this. Davis (1989) reported that123
fosetyl-Al should be applied in multiple applications for
it to maintain its activity over a long period of time.
The duration of our study did not allow us to test this,
but to control a phytophthora disease in an annual crop
like cowpea, the two applications we applied would be
sufficient.
Manzate 200-DF was very effective as a soil drench,
as was Banrot at 50 mg a.i./L. This is good information
for the farmer in order to manipulate his applications in
alternation of a systemic and broader spectrum chemicals
to prevent build up of resistance.
Our results of the fungicide treatments on the
bacterial biocontrol strain DF-3101, suggests that
bacterial antagonism through antibiotic production may be
affected by the fungicidal treatments at high
concentrations. The effect of antagonism by production of
volatile inhibitors, however, was not affected by any of
the concentrations in our experiments. Uthkede (1983)
reported that there was no inhibition by Enterobacter
aerogenes strain B-8 in antibiotic production or bacterial
growth in the presence of the fungicides tested. Also
Gupta and Utkhede (1986) tested the effect of bacteria and
fungicide combinations in soil and found that fosetyl-Al
enhanced multiplication of antagonistic bacteria at lower
temperatures, and metalaxyl enhanced it at higher
temperatures. Utkhede (1987) also reported that metalaxyl124
+ mancozeb allowed significantly more Phytophthora
infection than when metalaxyl was used alone. He
attributed this to the broad spectrum deleterious effect
of mancozeb on natural antagonistic inhabitants of the
soil. In our studies, mancozeb at higher concentrations
reduced the inhibitory antibiotic effect of DF-3101 by
reducing its growth on the fungicide - amended medium.
The results of this study indicate that metalaxyl is
highly efficacious against P. vignae in vitro and in vivo,
and is quickly absorbed by roots and translocated
acropetally when applied as a soil drench. The possibility
of using fungicide mixtures or alternative applications of
systemic and broadspectrum fungicides seems promising.
Biocontrol agents and fungicides at low concentrations
could be used as compatible combinations.125
Table 4.1: In vitro inhibition of mycelial growth of P.
vignae isolates with different concentrations of
fungicides in PDA.
TREATMENT ISOLATE P001 ISOLATE P006
Control *51.00 a 32.00 a
1 ug/ml Metalaxyl 0.37 h 0.75 h
5 ug/ml Metalaxyl 0.00 h 0.62 h
10 ug/ml Metalaxyl 0.00 h 0.75 h
500 ug/ml Fosetyl-Al 12.75 f 22.75 de
750 ug/ml Fosetyl-Al 4.87 g 15.75 f
1000 ug/ml Fosetyl-Al 0.50 h 7.50 g
1250 ug/ml Fosetyl-Al 0.00 h 0.87 h
1 ug/ml Banrot 44.00 c 26.50be
5 ug/ml Banrot 31.75 e 15.00 f
10 ug/ml Banrot 0.00 h 0.00 h
50 ug/ml Banrot 0.00 h 0.00 h
1 ug/ml Manzate 47.00 b 29.25 ab
5 ug/ml Manzate 42.25 c 25.25cd
10 ug/ml Manzate 36.25 d 21.00 e
50 ug/ml Manzate 0.00 h 6.00 g
Values followed by the same letter in a column are not
significantly different at P < 0.01 level( Waller-Duncan
Baysian K ratio LSD test).
colony diameter (mm)126
Table 4.2: Inhibition of Phvtorffithora vignae sporangia
formation in Petri Solutionamended with the
fungicides metalaxyl and fosetyl-Al.
TREATMENT NUMBER OF SPORANGIA FORMED
isolateP001 isolateP006
Control 69.83 a * 39.50 a
1 ug/ml Metalaxyl NT NT
5 ug/ml Metalaxyl NT NT
10 ug/ml Metalaxyl 0.83 c 3.16 b
50 ug/ml Metalaxyl 0.33 c 2.00 b
100 ug/ml Metalaxyl 0.16 c 2.67 b
10 ug/ml Fosethl-Al 35.66 b 3.33 b
50 ug/ml Fosetyl-Al 24.00be 2.00 b
100 ug/ml Fosetyl-Al 35.33 b 1.33 b
1000 ug/ml Fosetyl-Al 76.66 a 0.50 b
*Values followed by the same letters within a column,
are not significantly different at P < 0.01( Waller-
Duncan Baysian K ratio LSD test).127
Table 4.3: Inhibition of Phvtophthora vignae sporangia
germination in Petri Solution amended with the
fungicides metalaxyl and fosetyl-Al.
TREATMENT NUMBER OF SPORANGIA GERMINATED
isolateP001 isolateP006
Control 7.77 b * 20.66 a
1 ug/ml Metalaxyl NT NT
5 ug/ml Metalaxyl NT NT
10 ug/ml Metalaxyl 0.00 c 1.83 b
50 ug/ml Metalaxyl 0.00 c 0.83 b
100 ug /ml Metalaxyl 0.00 c 0.66 b
10 ug/ml Fosetyl-Al 5.33 bc 2.00 b
50 ug/ml Fosetyl-Al 3.66 bc 0.83 b
100 ug /mi Fosetyl-Al 8.83 b 0.00 b
1000 ug/ml Fosetyl-Al 33.00 a 0.16 b
Values followed by the same letters within a column,
are not significantly different at P < 0.01( Waller-
Duncan Baysian K ratio LSD test).128
Table4.4:InhibitionofPhytophthoravignaeoogonia
formation on cowpea extract agar amended with tte
fungicides metalaxyl and fosetyl-Al.
TREATMENT NUMBER OF OOGONIA FORMED **
isolateP001 isolateP006
Control 110.66 a
* 138.66 a
1 ug/ml Metalaxyl 24.00 b 60.33 c
5 ug/ml Metalaxyl 0.00 b 0.00 d
10 ug/ml Metalaxyl 0.00b 0.00 d
50 ug/ml Metalaxyl 0.00 b 0.00 d
100 ug/ml Metalaxyl 0.00 b 0.00 d
10 ug/ml Fosetyl-Al 120.00 a 57.66 c
50 ug/ml Fosetyl-Al 130.66 a 95.33 b
100 ug/ml Fosetyl-Al 123.33 a 71.66be
1000 ug/ml Fosetyl-Al 0.00b 0.00 d
Values followed by the same letters within a column, are
not significantly different at P < 0.01 (Waller-Duncan
Baysian K ratio LSD test).
**
Average of counts from 15 sites in 3 replicate dishes.129
Table 4.5: Effects of fungicide application on the control
ofPhytolphthoravignae rootand stem rotof
severity index cowpea expressed
(DSI).
asadisease
TREATMENT STEM DSI" ROOT DSI
10 mg/L Metalaxyl (SD)° 0.00 d* 0.30 ef
50 mg/L Metalaxyl (SD) 0.00 d 0.20 ef
100 mg/L Metalaxyl (SD) 0.00 d 0.10 f
1000 mg/L Fosetyl-Al (F) 1.60 bc 2.60 abc
2000 mg/L Fosetyl-Al (F) 0.80 cd 1.20 de
50 mg/L Manzate (F) 1.60 bc 1.90 cd
100 mg/L Manzate (F) 1.60bc 2.50 bc
100 mg/L Manzate (SD) 0.60 cd 1.20 de
10 mg/L Banrot (SD) 2.50 ab 3.10 ab
50 mg/L Banrot (SD) 0.40 cd 1.00def
Pathogen only control 3.00 a 3.60 a
Non-inoculated control 0.00 d 0.30 ef
*Mean values followed by the same letters within a column,
are not significantly different at P < 0.01( Waller-Duncan
Baysian K ratio LSD test).
**Stem DSI: 0 = no disease; 1 = leaves pale green ,wilt
and/or stem lesions appear on the base of the stem;2 =
leaves severely wilting and stem lesion advanced upwards; 3
= advanced symptoms as in 2, but with pronounced drying and
stem lesion spreading over 2 cm; 4 = 70-90% of plant showing
symptoms with or without stem girdling; 5 = plant dead.
Root DSI: 0 = no disease; 1 = < 25% of lateral roots
brown with lesions and no necrosis on tap root; 2 = 25-50%
lateral root necrosis and <50% tap root necrosis; 3 = 50-75%
lateral root necrosis and 50-75% tap root necrosis; 4 =
> 75% of lateral root and tap root necrosis.
aSD = soil drench
F = foliar application130
Table4.6:Effectsoffungicidesappliedtocontrol
Phvtophthora vignae root and stem rot of cowpea
on dry weights of stems and roots.
TREATMENT PLANT DRY WT(g)ROOT DRY WT(g)
10 mg/L Metalaxyl (SD) 3.82 ab* 1.32 a
50 mg/L Metalaxyl (SD) 2.79 cd 1.31 a
100 mg/L Metalaxyl (SD) 2.74 cd 1.28 ab
1000 mg/L Fosetyl-Al (F) 2.27 de 0.65 cde
2000 mg/L Fosetyl-Al (F) 2.89 cd 0.93 bcd
50 mg/L Manzate (F) 2.95bcd 0.70 cd
100 mg/L Manzate (F) 2.24 de 0.62 de
100 mg/L Manzate (SD) 3.22 abc 1.10 ab
10 mg/L Banrot (SD) 2.44 cde 0.60 de
50 mg/L Banrot (SD) 3.82 ab 1.32 a
Pathogen only control 1.52 e 0.32 e
Non-inoculated control 3.90 a 0.99 abc
Values followed by thesameletters withinacolumn,are
not significantly different at P < 0.01 (Waller-Duncan
Baysian K ratio LSD test).
**
SD = soil drench
F = foliar application131
Table 4.7: Growth of bacterial biocontrol strain DF-3101
on fungicide-amended PDA plates.
TREATMENT R1 R2 R3
no-fungicide control 4.00 4.00 4.00
5 ug/ml metalaxyl 4.00 4.00 4.00
10 ug/ml metalaxyl 4.00 4.00 4.00
10 ug/ml banrot 4.00 4.00 4.00
50 ug/ml manzate 1.00 1.00 1.00
1250 ug/ml fosetyl 0.00 0.00 0.00
*Scale of 0-4 where,
0= no growth.
1= more than 25% < 50% growth of streaks.
2= 50-75 % growth of streaks.
3= 75% to 90% growth of streaks.
4= 100% growth of streaks.
** bacterial growth on three replicate plates of fungicide
medium.132
Table 4.8: Effect of fungicides on the biocontrol activity
of strain DF-3101 against isolate P001 of
Phytophthora vignae.
TREATMENT colony dia on
PDA (mm)
colony dia on
TSA (mm)
Untreated control
5 ug/ml Metalaxyl
10 ug/ml Metalaxyl
10 ug/ml Banrot
50 ug/ml Manzate
1250 ug/ml Fosetyl-Al
10.33
15.66
19.66
16.83
19.66
NT
*
*
0.00a
0.00
0.00
0.00
0.00
0.00
*Significantly different from the control at P < 0.05
All other values are not significantly different from the
control at P < 0.05 level (Waller-Duncan Basian K ratio
LSD test). This means that the bacterium has not lost its
biocontrol ability, having grown on fungicide amended
media.
NT= Not Tested.DF-3101 did not grow at this
concentration of fosetyl-Al.
a Growth of P. vignae on TSA plates after the bacterial
strain DF-3101 was incubated for 5 days at 27 ° C.133
Table4.9:Effectoffungicidesonthe production by
bacterial strain DF-3101 of volatile inhibitors
of Phytophthora vignae vegetative growth.
TREATMENT KB/PDA NA/PDA TSA/PDA
No fungicide control 0.00 * 0.00 0.00
5 ug/ml Metalaxyl 1.66 0.00 0.00
10 ug/ml Metalaxyl 0.00 0.00 0.00
10 ug/ml Banrot 3.33 0.00 0.00
50 ug/ml Manzate 4.00 2.66 0.00
1250 ug/ml Fosetyl-Al NT NT NT
None of the fungicide treatments significantly reduced the
biocontrol activity by means of volatile inhibitors at the
P < 0.05 level of significance (Waller-Duncan Baysian K
ratio LSD test).
NT= Not Tested.The effect of fosetyl-Al could not be
testedasthebacterialstraindidnotgrowatthe
concentration of 1250 ug/ml.134
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CHAPTER 5
EFFECTS OF THE MYCORRHIZAL FUNGUS GLOMUS INTRARADICES ON
PHYTOPHTHORA VIGNAE ROOT AND STEM ROT OF COWPEA
W. G. DILANTHA FERNANDO
Department of Botany and Plant Pathology, Oregon State
University, Corvallis, Oregon, 97331-2902, U.S.A.
AND
R. G. LINDERMAN
USDA/ARS, Horticultural Crops Research Laboratory, 3420
NW, Orchard Avenue, Corvallis, Oregon, 97330, U.S.A.
SUMMARY
Colonization of cowpea roots by the VA mycorrhizal
fungus, Glomus intraradices, reduced the detrimental
effects on total plant and root dry weights resulting from
inoculation with the root and stem rot pathogen
Phytophthora vignae at the inoculum level of 0.1% (v/v),
but not at 0.5 and 1.0% v/v.
The severity of stem lesions caused by P. vignae was139
less on mycorrhizal than non-mycorrhizal plants when the
pathogen was inoculated at either of three inoculum
levels. The severity of stem and root rot was
significantly reduced on mycorrhizal plants when P. vignae
was inoculated at 1.0% v/v, but not when inoculated at
0.1%, and 0.5% v/v.
Colonization of cowpea roots by G. intraradices was
reduced when roots were infected by P. vignae, the
reduction being proportional to the amount of pathogen
inoculum applied.
Infection of roots of mycorrhizal plants by P. vignae
was significantly reduced when 0.5% and 1.0% levels of
inoculum were used, but not when the 0.1% level was used,
suggesting that host resistance is more pronounced at
lower pathogen inoculum levels in the presence of VAM.
Our results indicate that early colonization of
cowpea roots by G. intraradices could help to reduce
disease severity and increase shoot and root dry weights
if P. vignae inoculum levels are low as they probably
would be in the field.
INTRODUCTION
The symbiotic relationship between roots of higher
plants and a wide diversity of fungal groups is known as a
mycorrhizal association. Morphologically, mycorrhizae are
of several types: ecto, ectendo, and endomycorrhizae.140
Endomycorrhizae are characterised by intracellular hyphae,
and some have special structures called vesicles and
arbuscules that form within the root cortical cells and
thus are called vesicular-arbuscular mycorrhizae (VAM).
VAM are especially important because they are ubiquitous
in soils and widely found in association with many
agricultural and horticultural crops.
Because VA mycorrhizal fungi are a major component of
plant rhizospheres, they naturally interact with other
soil microbes like bacteria, fungi, and nematodes
(Bagyaraj, 1984, Ingham, 1988, Paulitz and Linderman,
1990).The presence of the VAM in the rhizosphere causes
changes that persist and thus the soil around mycorrhizae
has been called the mycorrhizosphere (Linderman, 1988).
Microbial interactions in the mycorrhizosphere may
significantly influence plant growth and health.
Several researchers have reviewed the interactions of
VAM with soilborne root pathogens, especially fungi
(Dehne, 1982; Schenck and Kellam, 1978; Schenck, 1989;
Caron, 1989). Some found that VAM reduce root disease
(Chou and Schmitthenner, 1974; Davis and Menge, 1980; and
Baertschi et al., 1982), while others have shown that VAM
increase disease (Ross, 1972, Davis et al., 1978, and
1979). The tripartite interaction of the host, the
pathogen, and VA mycorrhizal fungi determines the results
observed. Also, Dehne (1982) and Schenck (1989) noted the141
methods and approaches in these studies differ and may
have influenced the results observed. Soilborne diseases
that have been studied commonly for their interactions
with VAM are caused by Phytophthora spp. (Schenck et al.,
1977; Davis et al., 1978; Davis and Menge, 1980 and 1981),
Fusarium spp. (Dehne and Schonebeck, 1979, McGraw and
Schenck, 1981; Zambolim and Schenck, 1981; and Caron et
al., 1985), and Pvthium spp. (Chou and Schmitthenner,
1974).
VAM cause the microbial biomass of the rhizosphere to
change quantitatively, as well as qualitatively (Meyer and
Linderman, 1986). Ames et al. (1984) reported that
specific bacterial populations changed when roots became
mycorrhizal. Many workers have also looked at the
interactions between nitrogen fixing rhizobia and VAM
(Kawai and Yamamoto, 1986; Subba Rao et al., 1986; Cluett
and Boucher, 1983), but the interactions between potential
biocontrol agents (BCA) and VAM have only been examined
recently. Paulitz and Linderman (1989) reported that none
of the biocontrol pseudomonads (strains Al2, N1R, R-20, 2-
79, and 3871) tested significantly affected spore
germination or the colonization of cucumber roots by
Glomus etunicatum. They also found that G. intraradices
did not significantly change populations of the BCA,
suggesting that BCA could be applied with VAM to control
soilborne root diseases.142
The purpose of our study was to investigate the
effect of Glomus intraradices in the control of the
soilborne fungus Phytophthora vignae Purss., causing stem
and root rot of cowpeas (Purss, 1957).
MATERIALS AND METHODS
Preparation of soil and plant material:
A steam pasteurized (air steam 60° C/30 min) 1:1
mixture of sandy loam soil and river sand was used in
12x12 cm round pots in all experiments. The soil pH was
6.0. Highly susceptible cowpea [Vigna unguiculata (L.)
Walp. sub sp. unguiculata cv. California Blackeye seeds
purchased from Park Seed Co.(Greenwood, South Carolina,
USA) was used in all experiments.
The experiment was conducted on greenhouse benches
with a 16 hr photo period of 240 uEm-2 S-1 from high
pressure sodium vapor lamps, at 26° C day and 20° C night
temperatures. Plants were fertilized weekly with 10 ml/pot
of Long Ashton Nutrient Solution (Hewitt, 1966) with
phosphorus at 44 ug/ml (1.5 mM of P), starting on the 14th
day. Only one level of P was used as Ames and
Bethlenfalvay (1987) reported that there was no
significant effect of treatment with different P levels
used with cowpea cv. California Blackeye. The plants were
watered every other day.143
Preparation of Pathogen and VAM:
Pathogen:
Phytophthora vignae isolate P001 was grown for 7 days
on Potato Dextrose Agar (PDA)[DIFCO] amended with 2%
pimaricin. Then 0.7 mm plugs were cut with a cork borer
from the actively growing margin and 10 plugs were used to
inoculate sterilized flasks containing 500 ml of course
vermiculite + 300 ml V8 solution [200 ml V8 concentrate,
800 ml distilled water + 2 g CaCo3]. The inoculum was
grown for one month at room temperature in the dark to
form mycelia and oospores.
VAM :
Glomus intraradices Schenck and Smith (purchased from
NPI, Salt Lake city, Utah) was used. The concentration of
spores in the inoculum was determined by wet sieving and
counting under a dissecting microscope at 30x. The
inoculum was then applied at 26.6 g into 1 kg of soil by
mixing it in thoroughly by hand, prior to seeding.
Greenhouse Experiment:
Plants inoculated with G. intraradices at the time of
seeding were removed gently after 30 days, and the soil
was inoculated with 0, 0.1, 0.5. and 1.0% v/v of P. vignae
inoculum. The plants were allowed to grow under the144
conditions described earlier for another two weeks. The
experimental design was a completely randomized design
(CRD) with 10 replicate pots per treatment.
Plant Assay Method:
VAM colonization:
At harvest, roots from all treatment replicates were
washed, cut into approximately 1 cm lengths, and 1 g
(fresh weight) were clearedand stained according to the
methods of Phillips and Hayman (1970). The line intersect
method was used to determine the percent mycorrhizae
colonization of root pieces.
P. vignae isolation and estimation of root infection:
P. vignae-inoculated roots were cut in 1 cm pieces.
Twenty pieces per treatment were surface sterilized by
dipping into 70% EtOH.They were immediately removed and
dried on sterile paper towels. Ten root pieces each, were
placed on two Corn Meal Agar (CMA) petri plates containing
200 ppm Pimaricin, 100 ppm Ampicillin, 10 ppm Rifampicin,
100 ppm PCNB, and 20 ppm Hymexazol (PARPH in CMA). The
plates were incubated for four days at room temperature,
and P. vignae colonies were allowed to grow onto the
medium. Percent of root pieces infected was determined.145
Disease Severity Index: (DSI)
DSI was determined separately for stem and roots at
harvest using a 0-5 scale for stems, where 0=Healthy,
1=leaves pale green and/or stem lesions at base, 2=leaves
wilted and/or dry and leaves drooping while stem lesion
advanced upwards, 3= symptoms of level 2 with lesion over
2 cm and/or girdling at base, 4=70-90% of plant diseased,
5=plant dead.
Root DSI ratings were on a scale of 0-4. 0= healthy,
1= <25% of lateral roots with lesions, and no tap root
necrosis, 2= 25-50% of roots necrotic, and < 50% tap root
necrosis, 3= 25-50% of root necrosis and > 50% of tap root
necrotic, 4= >75% lateral + tap root necrosis.
Plant Dry Weight:
Stem and upper parts and roots were weighed
separately to determine stem and root dry weights after
the plants were dried for 72 hr at 65 C. The 1 g fresh
weight aliquat of roots taken for the VAM assay was
calculated back into the root dry weight.
RESULTS
Dry weights of plants inoculated with 0 and 0.1% P.
vignae were not significantly different in the presence of
Glomus intraradices, but P. vignae decreased PDW when the146
VA mycorrhizae were not present (Table 5-1). Plant dry
weights were not significantly different between inocula
of 0.1 and 0.5% with no mycorrhizae, but were
significantly higher at 0.1% inoculum level of the
pathogen in the presence of G. intraradices. There was no
significant difference in weight when P. vignae was
inoculated at 1.0% v/v, with or without VAM. Formation of
G. intraradices mycorrhizae did not increase plant weight
in the absence of the pathogen. Furthermore root dry
weights, were not significantly different with or without
VA mycorrhizae at any pathogen inoculum level.
The stem and root DSI's were significantly lowered in
the presence of G. intraradices, when the pathogen was
inoculated at 1.0% v/v (Table 5-2). However, the stem and
root DSI's were not significantly different at lower
pathogen inoculum levels in the presence and absence of
the VAM fungus.
Colonization of cowpea roots by the VA mycorrhizal
fungus was significantly reduced when the roots were
inoculated with 0.1, 0.5, 1.0% v/v pathogen inoculum
(Table 5-3). VAM was reduced two fold when pathogen
inoculum was increased from 0.1 - 1.0% v/v.
The P. vignae infection of roots was reduced
significantly on VAM plants inoculated with 0.5 and 1.0%
levels of the pathogen, but there was no difference at the
0.1% level (Table 5-3). Infection of roots by the pathogen147
was significantly increased at each increase in inoculum
level.
DISCUSSION
Our results indicate that there is significant
disease reduction in the presence of mycorrhizae formed by
G. intraradices, especially when the pathogen inoculum was
low. As the pathogen inoculum increased, the effect of the
VAM fungus on disease reduction became minimal or
obscured. Graham and Menge (1982) observed a similar
effect on the wheat take-all fungus Gaeumannomyces
graminis by Glomus fasciculatus. Reduction of disease
seems to account for the increase in plant growth, as
there was no significant difference in plant dry weight
with and without VAM, in the absence of P. vignae.
Pathogen infection was reduced by pre-colonization by
the VAM fungus, but at the 0.1% level of inoculum, root
infection was similar to the non-VAM plants. This suggests
the increased plant growth through nutrient uptake or
altered metabolism helps the plants to tolerate pathogen
infection in VAM plants. It also could be due to the fact
that VAM induced resistance by inducing phytoalexin-type
compounds. Morandi et al. (1984) noted that there were
relatively more isoflavonoid compounds accumulated in
soybean roots colonized by two VAM fungi.148
Colonization of roots by G. intraradices was reduced
considerably when the roots were increasingly infected by
P. vignae. Davis and Menge (1981) observed a similar trend
in decrease in VAM (G. fasciculatus) root colonization
with increased pathogen (P. parasitica) levels. They
attributed this to the fact that both the pathogen and VAM
compete for the same space and nutrients. They also noted
that this resulted in reduced plant growth. In our
experiments there was not much of a growth response on
cowpeas with VAM.
Meyer and Linderman (1986) noted that fewer
sporangia and zoospores were produced by Phytophthora
cinnamomi in leachates of rhizosphere soil from VAM plants
than from non-VAM plants, which suggested that sporangium-
inducing microorganisms had declined or sporangium-
inhibitors had increased. Though we do not know the exact
mechanism of control of P. vignae by G. intraradices
mycorrhizae, there is considerable control at low inoculum
levels, suggesting that a host resistance mechanism may be
involved in the presence of VAM. We observed that all VAM
roots were a darker color than non-VAM roots.
Our results indicate G. intraradices to be effective
against P. vignaewhen roots are colonized early and
could be considered a biocontrol in this interaction. It
will be worthwhile to determine the exact mechanism of
control in future studies.149
Table 5.1: Growth of cowpea plants inoculated with
different inoculum levels of the root and stem
rotpathogen, Phvtophthora vignae, and
inoculated or not with the VA mycorrhizal fungus
Glomus intraradices
Inoculum PLANT DRY WEIGHT (g) ROOT DRY WEIGHT (g)
P. vignae
% V V - VAM + VAM - VAM + VAM
0.0
0.1
0.5
1.0
2.405 a*
1.819 b
1.694 b
1.087 c
2.376 a
2.362 a
1.694 b
1.051 c
0.548 ab
0.386 bc
0.576 ab
0.368 bc
0.616 a
0.570 ab
0.488 abc
0.449 b
Means under each parameter (i.e. plant dry weight/root
dry weight) followed by the same letter are not
significantly differentat P < 0.01 level. (Waller-Duncan
Baysian K ratio LSD test).150
Table 5.2: Influence of Glomus intraradices on stem and
root disease severity by Phytophthora vignae,,,,in
cowpea using a disease severity index (DSI).
Inoculum STEM DSI ROOT DSI
P. vignae - VAM + VAM - VAM + VAM
% v/v
0.0 0.0 e
*
0.0 e 0.0 d 0.0 d
0.1 0.7 cd 0.2 de 1.1de 0.3 cd
0.5 1.0 c 0.8 cd 0.8 cd 0.6 cd
1.0 2.7 a 1.9 b 2.5 a 1.5 b
*Means under each parameter followed by the same letter
are not significantly differentat P < 0.01 level.
(Waller-Duncan Baysian K ratio LSD test).
**DSI of Stem: 0 = Healthy, 1 = Leaves turn pale green
and/or stem lesions at base, 2 = Leaves wilt and/or dry
and leaves droop down while stem lesion advances upwards,
3 = Symtoms of 2 ,with lesion over 2 cm and/or girdling
at base, 4 = 70-90% of plant diseased, 5 = plant dead.
DSI of Root: 0 = Healthy, 1 = < 25% of lateral roots brown
and/or lesions no tap root infection, 2 = 25-50% of root
necrosis, < 50% tap root necrosis, 3 = 25-50% of root
necrosis, > 50% tap root necrosis, 4 = > 75% lateral + tap
root necrosis.151
Table 5.3: Glomus intraradices colonization and
Phytophthora vignae infection of cowpea roots at
different levels of the pathogen.
Inoculum G. intraradices % of roots infected
root colonization (%) with P. vignae
P. vignae
- VAM + VAM - VAM + VAM
% v/v
0.0 0.0 82.0 a* 0.0 e 0.0 e
0.1 0.0 71.9 b 18.25d 15.05d
0.5 0.0 54.6 c 24.5 c 14.55d
1.0 0.0 31.3 d 35.45a 29.50b
Means under each parameter followed by the same letter
are not significantly differentat P < 0.01 level.
(Waller-Duncan Baysian K ratio LSD test).152
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SUMMARY AND CONCLUSIONS
Results from these studies confirmed for the first
time the presence of Phytophthora vignae in Sri Lankan
soils where cowpeas are grown. The pathogen's low disease-
causing potential and the fact that disease was absent in
fields though the pathogen was present, suggested those
soils were naturally suppressive to P. vignae.
Our results confirmed earlier findings that P. vignae
is very specific in its host range with the exception of
Phaseolus angularis in Japan. Of the 24 isolates tested,
two morphologically and physiologically distinct types
were apparent, suggesting that at least two races are
present in Sri Lanka. Our results also indicate that a
`field resistance' to a pathogen may be due both to the
host genotype and to other environmental and biological
factors present.
Isolates of several soil bacteria from putitive
`suppressive' soils were inhibitory to P. vignae in vitro
and in vivo, suggesting that the soil suppressiveness was
at least partly due to biological reasons. Several
bacteria produced antibiotics and volatile compounds that
were inhibitory to P. vignae mycelial growth. Results with
DF-3101 indicated that the volatiles may include ammonia,
and that even sporangia formation could be completely
inhibited by the volatiles. Inhibition of P. vignae157
oospore germination in soil by DF-3101 was evidence that
the bacteria may affect the behavior of survival
structures of the pathogen in soil. Several known
biocontrol agents tested, though being quite effective in
vitro, were not effective in plant assays, suggesting that
they may be incompatible in the cowpea host-pathogen
system. Amending soils with substrates induced the
bacteria to produce volatile inhibitors that may have
contributed to the control of the pathogen. Our studies
suggest that production of volatiles should be considered
as a mechanism of biocontrol, along with the production of
antibiotics and siderophores.
Formation of mycorrhizae by G. intraradices
effectively reduced P. vignae disease and its infection of
roots, suggesting that VAM could play a role in disease
suppression and may contribute to the control of the
disease in a field situation. Isolation of native VAM spp.
from cowpea fields and co-inoculating cowpea with them,
with and without P. vignae inoculum, would give a better
understanding of this phenomenon.
Fungicide studies showed that low concentrations of
metalaxyl and high concentrations of fosetyl-Al
effectively inhibited P. vignae in vitro and in vivo. The
broader spectrum fungicides banrot and manzate-200DF also
inhibited the pathogen. These findings help us to
formulate alternate applications of fungicides to reduce158
build up of pathogen resistance. However we should also be
cautious of these chemicals, as some also inhibited
natural biocontrol agents, at least in vitro, and also
reduced their efficacy in biocontrol.
This thesis research investigated for the first time
isolation and disease potential of P. vignae in soil,
biological control with bacterial biocontrol agents,
chemical control of the fungus and the effects of VA
mycorrhizae on disease incidence and plant growth. The
importance of inhibitory volatile compounds against the
pathogen was clearly demonstrated. It is hoped that these
investigations will be useful to stimulate research on
volatile compounds in biocontrol and integrated chemical- -
biocontrol approaches of the Phytophthora vignae root and
stem rot disease of cowpea.159
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